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 CLAREMONT DAM
ANALYSIS OF DESIGN
APPENDIX A

'FOUNDATION TREATMENT WITH DRAIN WELLS AND RELIEF WELLS

A,  INTRODUCTION AND SCOFE.

l. The site of the proposed Claremont Dam is situated on
the Sugar River about 1 mile above the City of Claremont, N. He This
will be an earth dem having a maximum height of 128 feet and about
2600 feet long and will’be a retarding reservoir unit of the Connecticut
River Basin flood control project. @General Plan and typiqal sections
are shown on Plates Nos. Al, 42, and i3, Vicinity mep is inecluded on
Plate No, A&.

2. The foundation has been explored by numerous borings as
shown on Plate No. Al. Thé abutments consist mainly of compact glacial
till or rock. The flood plaiﬂ, which is about 1300 ft. wide, contains
a deep deposit of soft, varved silt which creates a major foundation
problem of stability. Presence of a deep pervious layer at valley bot-
tom requires consideration from the standpoint of flotation.

3. Material presented in this Appendix covers analysis of
these foundation problems of stability and flotation and tréatment by
drain wells and relief wells, respectively. Available date are included
on properties of the soft, varved silt deposit and typical stability
analyses, with and without foundation treatment.

3} The theory of consolidetion with normal vertical drain-
age aided by radial drainage to drain wells has been presented'in a

. Providence District publication (1) and is herein expanded to cover

(1)" R+ &. Berron (194, "The Infiuverce of Drain Wells on the Consolidation
of Fine-Grained Soils"; U.S. Engineer Office, Providence, R.I.;
July 19kk. -
-1 -
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B.  FOUNDATION .gomnmroms._

1. Foundatlon 80115.

2. The flood plain f;undatlon at fﬂe dam élée cons;sts‘
in general of 15 to. 20 feet of typlcal flood plaln alluvmal dep031ts of
silbs, sands, end gravels dsposited in layers and lenses and belng gen-
erally pervious to random pervious. Beneath thas alluv1um is a deep |
‘impervious dep051t of soft verved 311t hO 100 feet in ﬁhlckness, con-
gisting of silt 1nterstrat1fled with fine sand and some 1ean clay.
Underlying this soft 311t deposit 1s an impervious layer of very céﬁ-
paect, silty, glac*ql tlll whloh alternates with and frequently overiies
g layer of 00mpact vafved 511t. At the very bottom of thls 5011 d8p051t
is.d: bed of perv1ous sands whloh llesaust above the bed rock in the
r.‘pyeglac}altrqgk_ya}ley. Foundation oondltions in the flood plaln ares
; are shown.on Plates Nos. A Aé and 37, and borlnos are 1ocated in
plap on Plate r,m I |

The rigbt-aﬁuﬁmeﬁt c&néists mainly ofué thick, Eﬁpér—
vious deposit of very oompact ullty glacial tlll overlylng a thlnly
bedded, s;liceous serlcite schist. The 1eft abutment is very simllar,
except that the d8p0u1t of tlll is muoh thlrner a8 shown on Plate No.

LA5.. Both, abutments have local dep051ts of compact varvéa 311ts very
~f31m11ar to’ that found deop 1n the flood pl&ln dep051t. Both upstream
and dcwnstream are, remnants of & rlver +errace composed of sands and
 gravels.. I _  o . N

LS. Basyd onn :3 éfudyhof‘the-501i<§;ofﬁles und samples,

it appears that, this area. contalned & gla01a1 lake 1n‘wh1ch the varved

811ts were deposmted. Fluctuatlon of the ice front resulted in the'

b ik p e o
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removal ofrsome of this 311t end the oompactlor 04 the remolnder with
dep051tlon of tlll above. The soft varved smlt was probably deposited
in the. last glaclal lake and has probably never been subjected to any
greater load then that represented by the former river terreces, of

. whlch remnants.. remain .on the abutments.

L2 Undlsturbed Sampllng.

Bon Because of the looseness and essentzally oohe51on1ess:
cheracter of the soft varved silt, some dlffleulty wes experienced in
_obtalnlng, transportlng, and teetmné the urdisturbed samples. Semples
were obta1ned ln 2“ 1nner dlaweter Shelby tubes W1thout too mu.ch dif—
flculty, elthough the recovery was often not qulte 100 percent end an’
occe51onal sample was 105t. Larger undrsturbed samples for eonsollda«
tion and dlrect sheer testlog were obtalned in L~ B/L 1nch 1nner diemeter
_ brass .bubes. With these larger S&mpllng tubes much more dlfflculty was
experrenced and due to cohes1onless nature of the 511t bulk of. these :
samples was lost beforo tubes were removed from the borlngs, Samples ?
successfully recovered in the h E/L 1nch spoon therefbre tended to be
those w1th & greater ooncentratlon of varves of cohe51ve 1ean clay.
For. finel sampllnv 8. freez1ng unlt sampler wes resorted to end by
free21ng a plug at sample end 2 8 1nch dlameter samples werc sucoess-
fullj obtained for tr1ex1al tests.’ Sempllng procedure is_described'in
a prev1ously 1ssued Prov1denoe Dlstrlct publication (2).
| | :,E;‘ The samples were 911 transported fram the site to the
Dlstrlct 8011s Leboratory at Prov1denoe, R. I by truck. Semples were

placed vertlcally in a. sp601a1 carrylng rack that restod upon. soft’

(2) FTETiFahlquist,‘i9hl ”Undlsturbod Sompllrg of Sedmments", U. 3.
Ingineer Office, Providence, R. I.; November 1943,

b



mettresses to reduce vibrations from truck floor. In all cases the
truck was operated with special care to reduce vibrations and shocks

to a minimum, In spite of these precautions some consolidation of the
samples occurred as iﬁ@}qﬁﬁﬁd’kyug;ﬁmgll_a@@gpt of free water at top

of samples. ' One:or two samples were cerried in a horizontal position

. and upon arrival a water filled void was found rurning the entire length
of tube, making. these samples useless for tésting.

-

‘}51:~Properties”of‘30fﬁ,‘VarvedZSilt.

a. Classification. - A large number of 2 ineh Shelby tube

samples were extruded from the sample tubes' in shbrt“séc%idns33“fd?5
~inches long. .These short.sections were split in -two; one half being
‘used. for waber gonbénts and voidimatic while tHe other Malf was par-
tielly sir-dried o brinmg out.seil: varves By ‘the contrast in color of
- the different -soils when pertially dried. These samples were then
. olessified visuglly: in accordenve with the ‘standard Providence District
Classification System as given on Plate No.'AB and Table Mo, Al., "In
. general, the:soil consists of me@ium %o coarsé silts interstratified
w;th{layers of fine silty sand; “coarse silts and some lesn dléys'and
”hgswbeen‘termed varved siltras.itiis basically bohesioniéss. Photo-
graphs of typicel varved silts are showp- on -Plates A9 ‘and Al0,

(1) 'Beceuss.cf the’ stratified hature of the doft
silt end because of the smell thiclmesg of ‘éach varve,a grain size de-
termination would; be & composite of more-than one ‘soils A few of these

were .run, however, and-also & few-on some of the £hicker verves which
could be iﬁppti{jg@;aft@n.partialﬂdryihg.-*Thé*rahgé*forftﬁeﬁé\maféﬁiéls

is shown on- Plate No.. A32... :

.'5“_



”ﬁBi'?Wétéﬁ?eéﬁééﬁ%iaﬁaﬂvﬁidﬂRﬁtidﬁﬁ;3Waterabéntent,qvoid

—

retio, and dry density 'WSréurde'berm'ined i f‘r"om‘-f-eniéi:ri_ing.hs.lf .o;‘.);s.plit‘.-
Shelby tube semples: Results from these 3 ‘toAS'.inch sections were av-
eraged for each"'i‘uﬁdj.sturbed-‘saﬁmpié- ‘and-plottéd'tc; 6Etaiﬁ _génei:-ei'l varia-
tion of properties with dépthsi  Void retios-snd dry demsities sre based
upon the average specific gravity of “each. s:‘éction."a'n.d‘ fall- satuifation.
Typical examples are--.sthn‘.oni'ﬁl'é;fsés Nos. AlL and A1, -
(1) In the natural sta{:ethe ,azj;grage_i:void ratio of

' the soft .v".a?.:f'.i'r“éa s11trangesfrom0.80 't:o l.20w1‘than .6{61‘.‘&;.1‘1 é.‘vérag-e
of about 0.95." This: résﬁlﬁs‘?;\ir‘i a’ r‘é«nge of drydenmtyof??to ‘92
1bs/cu.ft, "and an 'oﬁera‘lll a’vérﬁge .'oi" about 87. lbé/cu-.f;b.h ' The nirré.'t.:é‘r-; .
content’ ranged ‘from %0  percent to L0 percent of the dry wei“g:,fh:t w:J.'E:h an
overall average of ‘about 35 lp'erc_é'b,t'.,' l b

“(2) oceasionally it was' feasible to a1 stinguish and
obtain water ‘contents on individual varves, which for the silt wlone
ranged from 20 Percent to about 25 percent, ‘The data on lean 6iay give
an ave'r.agéz--o'f.“:aboizt"‘éo"Pérdén% and'thd fine send is estimated at from
IO*pércenﬁ~t5315fbefcéﬁti@é%éf?éénﬁént,&”L:TJJ:,f" |

¢. Consolidation, -

(1) Consélidation tést specimens were obtained meinly
from undisturbed ‘semples taken in'LG—B/l; inch ‘bras's- tubes from bore holes
CBH=L6; L7, 70, end 100 while a few additional specimens Wéré obtained
£rom F-irich. Shelby tibes friom BH-100. Tests weré rud in fixed ring
* gonsolidometers as the soil wes too soft o 'sﬁplsért‘a-ifi_éatiﬁg-fiﬁg’. |
Specimens of L;fl/'q inech diametsr were loaded ih"":‘.nc_rfex_ﬁe'r'r&lé'- 'EcS. é-_-"{:'('):n.s/sq.

ft. To better investigate probesbility of preponsclidetion a few



spépimens”were loaded to 16 tons/sq.ft., using 3 inch diameter speci-
mensfﬁghg%%;{ﬁ{kﬁigfhighgr Unit 1okl within cepacity of available .
aPParaéﬁéiT*féé%;iégﬁf%s715&ib&%ea—tﬁat‘ﬁhe.varvedfsiltyhaﬁ widely
varyiﬁghgrégégfféé,*déﬁéﬁdﬁhgJﬁyoﬂ‘thé*majoﬁ,type of soil. in the varves
of thé specimen teited, ' %

(2) The coefficient:of consslidation, Cy, ranged fram
10x10-4 t0‘5050+ﬁx310'h bma/sec. with an avergge'value of 35 x IO'h
on?/55e. foF & 1688 oF 5-1/2 tons/sqift, which approximately equels the
sum of h%%fﬁéé:dRM’hnd overburden loads, Cv is defined ass

2

]
4

1+e

Coy = T{ H \
R . ""ﬁ

y
Where;'ﬁTﬁhisréimé'faétor, he" is initjel average void ratic, "H" is

the thickhess in centimeters of semplée for case of single drainage, and
"%“5is time in7secondsi“ﬁTypiéa1 consolidation chara@teristic curves
;fgléﬁoﬁn'On'Plateg Nos. Al% to AlB -dineclusive.

L 13“L - (3} As shown on Plate No. Ali, remnants of a former
‘-river'éérrace exist et about Elevation 565 which -is about 30 feet above
éﬂe'prééent floed plain and it‘isiprobable this river terrace extended
-8.eross most of valley. Using en average moist weight of 130 1bs/cu.ft.
this is the equivalenﬁ ofié.load of 1.95 tons/sq. ft.; however, the water
table prpﬁably was such that all of this 30 feet of extra soil wes not
moist but rather partly submerged which would reduce the net load of the
soil that has been removed. Pre:consolidétion results obtained from
: oonsglidation‘tesfs on undisturbed samples are surmarized on Flate No,

£19 end show a wide scetter with an average of 1.L5 tons/sq.ft. These

results are quite approximate because low capacity of consolidometer

-7 -



lOading;maqhines;did not,pexmitsfull_deVelopment&ofﬁvirginwconsolida@ ‘,
tion eurve and probably beqause of some. dlsturbance durlng sampllng.é_.

However, the- average tesb results and. geologlc evzdence Aindicate that

. the sofﬁ s¥lt was pre- consolidated by pest load: of the river terrace,

probably of the order qf l—l/@_tons/%q;ft.

s ¢ Permeability, ¢ .. .

(1)H‘Permqégglity?vqluesiof the soff- vanved silt were’

© cbtdined indirectly by compﬁtétion from consolidation tesk results...

Typical examples are- given on ;Plates Nos.: Alh, 315,nand Al&. . For apﬁ

average dem and overbundenrloadﬁof 5wl/2 tons/bqbft., the values renge
from 1.L;.x10'8 to ovér-SOOkiO"B cm/éec. All of these results are for

flow normal -to the: plane O f stratlfication =i geu ke, Yertzcally._"

e ‘\.'\;-'

sa(8) - Permeabll;ty ;in the: h¢rlzonta1 direction parallel

Lew s g .
T B T
A .

tg,@hggplgne.Qf;sﬁrat;fmpatxon,;gﬁ,:w§§.pg$$te§§§d,3.quevqngﬁwhgnqlater

~ stablility studies indicatedﬁthat drain,. wells were neceséary yo,aﬁabilize

the. foundatlon, a rough velue was :obtained. as/shown on Plate No. A20.

~:This:value was obteined. from consolldation test resulgs for permeablllty .

51n,a,yertical,dlnectxon,:kv, by'assumlng that the ‘results obtained were

',-representatiﬁe of the distpibution‘ofgpermgabilityfvalues énd that for

~each test specimen the.ratiq'kﬂ/k = 1. !Thisuis*the;eduivalent bf;‘-

‘placing -the 17 consolidation test specimens in. a pile, one ahove the
-';.other, and assumlng each speclmen homogeneous in itself and that the .
result epproximates arcross.s§ction«oflthe-varved;siltﬁdGQESita'.Thef

,assumption is crude, and the considerstion of kg = ky for each specimen

is guite conservative,.



(3) The overall ky and ki were then found by use of

the formulas: -

'V:k' ) B Tl x 10'8 cm/sec.

kﬁ_:& =796 % 1078 em/sec.
n VR IERTI

‘Vhere all the test speclmens are of equal ‘thiekness -end n is the number
of speclmens, the ratlo kH/k is then equal to 1k.0%... Beoause of the h
asstmption used tnls ratlo is belleved & be conservative and the true

value of the kg retio may be much highér:‘ TR e

v fL
A e

C () More- regently, permeablllty tests have besn run:
on undlsturbed samples ‘of rather 51m11ar varved 31lts, from “two! other. .

31tes. The kF/k ratio. dbtained: rarged from 5 to 80 with an extreme

_ value of about 3000 This letber. value 1s somewnat questlonaole, hut,

.,ln.

-the general'results give -en idea .of the probable magnltude of the-

kﬁ/k# ratlo in such & strongly stratlfled soil as tbls ‘varied silt.

e. Dlrect Shearqiests..— A number of direct shear tests

v

| were run on speclmens of undlsturbed, soft varved silt obtained in-

h B/L.lnch brass tubes.--Speclmens were, placed in shear boxes between

-

O

'porous s£ones arid - lely aonsolldated under a predeterﬂnned noryal load.
Wher consolldatlon under- normal load was complete, the shear ‘tests were
started. Horizontsl 'strains were gpplied in small indfements‘anﬂﬁspec—
_‘_imens-alidwéd to reach void ratio adjustment under .each increment before
‘.thé‘ﬁextiwésfadded so that spepimens were éfgcti;;iinaIWays:fully con-

. solidated under total shearing.and normal loads. Summgfyfbf results

. are given on Plate No. A2Y, - From these "slow" tests values of friction

angles vary from 27-1/2° to 56° with cohe31on of 0.0 to 0.12 tons per
sq. ft. e ' o ' -
: . 9 -



£, Trigxisa) Tests: - A Pew “slow" %riaxial tests were

a—

run-on undisturbed semples o_f the soft, varved silt where thé spécimens

were nearly mlways fully .conéolidated under :e:"ctéfgei loads, Generally,

" the meterial was so soft and loose that _considé;i-%ab’le difficultiee'Were'
experienced in preparing shd 'e-ébt'i'ﬂg’ “up test ':sPe_g;:,imene';: meny specimens
__VJou].d deform by bulglng even. before belng set up and were therefore

dz,s carded. _ Samples that were set up elther had suffic:n.ent clay to fur-

__nn.sh cohes ton or were partla_lly alr—drled to obtaln e,pparerrb cohes:Lon
from caplllarity to permlt preparatlon of speclmens fer testn.ng. |
(1) oOnly six triaxial teets wers obtamed f‘rom re-
sults that wer"e"‘: E<":_c>ils:l.cil¢i=‘lr-ed‘f":'é.i:.‘..éall_l.lfreliab‘le-..’f.‘.T'he.épeacime':ns were 1.l
inches in diametel ahd about L inches high f:%:e's;ﬁedz by thé constant lat-
eral presiuré methiod in a constent load 'dfé;'eri‘c‘e‘.' ! Specimens W'ere“fe:;if;t-’; 2
consblidated initially under uniform lateral pressure; then sxial Tobds
were added in increméhts, “always allowing compléete consolidation under
each increment Brefbrfe'-‘ the’ ﬁe-s;t_-_fvwés‘,‘ added. Time foreach such’ 51ow -t'est“
‘aiveraged a‘eeiz_{:"“ % v{r'e'élé%‘.'":’méﬁmm strengthswereobtalned béwéen 10
percent snd 16 perosnt ‘streifl with Priction angles renging between 33°
227 %o L2° with very 13%£1%' or’ hdcchesion - see Plate Ne'. A22 Por
“Mohrts circles ahd Tablo No' A2 i{or-‘.""d'ate.'. Because of dlfflculty in':
?"‘:handllng soft 511'1:, 't:hose speclmens ‘tested are- apt %o ha‘ve been ei‘c}\er
" the 'stronger o€ the s¥lt or strengthened by-"pa'rt:,'al' drying befer"e*-'being :
* 'sble to trim end hahdle for testing.
= "'(2")"‘""2}':1"&3:7 above tests were per formedl'betﬁiveen:"i}enuﬁ-i'y
and une of 161"and the samnles ‘et fhat time were betwesn 1/2 and 1.

* yebr' old. - Becalse of war ‘conditions further testing wak suspended '

_lo'r-



until March 194L. The samples had been stored in the original steel
sampling tubes in the labbratory hﬁﬁidi;égmuduriné this 3 year interval
and were.found to Béfffééﬁepéij'fﬁsééd 6nﬁ£h;'in8idet9 form & cement-
ing leyer between-%ﬁbé end silte VPaft1§ for ;;éining ﬁersonpe% Fhe

less damaged remaining samples were subjected to quick=consolidated

* tests. These latter tésts were all conééiidatéd”ﬁndéf initial uniform
pressure and then tested rapidly te failure without allowing further
drainage. Results gave a range of frietion angle between 10° and 25°
and cohesion between 0.3 to O.l tons per sq. ft. Because of age and
physical conditions of samples at time of tests these latter results
are not considered to be reliable.

(3) Sufficient triexial tests were not conducted to
astimate criticel vold retio and density. Considering general loése
atate of this silt, it is probable that material in the silt and fine
sand varves is looser than the criticel density.

(L) Because of difficulties experienced in pfeparing
and setting up test specimens the triaxial studies were continued to
develop & reliable method of handling such a soft varved silts A scheme
wes developed whereby thé soft silt w0uld'be e jected vertically out of
the sampling tube into a test rubber membrane 2.8 inches in diameter

‘which is the same as inﬁer diemeter of sampliﬁg tube and thus eliminetes
need for trimming. Then by means . of speclal forms the saﬁple would be
transferred to testing macﬁine while continuocusly supported; and set up
ready for testing with & minimum of disturbance, Experimental equip-
ment was bullt and tried on varvéd silt samples obtained from Keene,

N. H., where the deposit is very close to the surface., The scheme with

- 17 -



some modificetions wes ressonably sucecessful and practical, Howevet) |
further triaxial testing 6f ¢laremont silts was not contimied bedause
expensive new samples would be required and bscause stability sfudies

1

indicated that with drain wells the proposed design would be conserva-

tive for soils having a friction angle of 25° to'30°; "
L
.



C.”- - STABILITY ANALYSISv—,COE&QLIDATION.BY‘VERTICAL FIOW OHLY.

1. gGeneral. - Because of the very limited kﬁgwlgdge of sheear-
ing strength of the soft varved silts, stablility anglyses{weyg madg to
determine the regquired -shearing strength of the Sth for a safety fac-
tor of 1.0 for dam and foundation ageinst shear failuré by & slide.
‘Because the fully consolidated shear tests, both di:egt shear and tri-
axial, indicated wvery .1ittle cohesion,_w@iqh was also appaﬁénﬁ_?rqm
behavior of samples, no cohesion Was{ppnside;ed.in;thggg.§tg@}es,,

. 2. Assumptions,

B Averége-soil properties and unit weightgﬂof dam e~
banklment soils and foundation soils as.detérminediby‘testipg and grqund
- water level, are shown on Plate No. A2l. L
" b. Although,the rolled fill method of embaniment place-
'ixmsnt=may givenhigherkhorgzontag,egrph.pressureg,iqitiagly wi@hin‘phe

“vembankment, it was assumed that there will be sufficlient yield of the
wesker foundation for a sfebility safety factor of 1.0 to reduce such
to active earth pressure within the dam embankment. ?his resulis in
assumption_of:afstatéqugactive earth pressure on'éliéing'surfaces
within dam itsclf. |

c. . It was -assumed  in initisl computations that full

pessive earth pressure will ‘be developed at the toe of anyﬁpotential
slide in the overburden.over the silt, In gpme cases the resulting
‘passive pressure furniéhed & fair perceﬁtagp of the resisting forces.
This assumption wes latef,revised an@_computatigns correéted tp_allow

.for—only;50~perc¢nt,of,full pessive earth pressure at slide toe.

e,
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dﬁmifyé‘st%bility;sﬁudi¢$£W9?9?b?sed,uPQEJ%n,initialfrafe
‘of embankmentfloadihg*ta elevaﬁioﬁé‘shown'éﬂ Platg}Nq. A5,fat rates
Uniform between each elevation.

' e. It wes assuméd thet all excess water expelled ‘from
the soft silt in thé fbunda#ion~by the addition of the ‘dem load, eg~
~dnped by flow in”aUVehﬂicalwdirection;only;~ That is, ‘the bottom of ‘the

soft 'silt wes assumed to be. 1mpch1ous W1th cdse of single- dralnage and‘.
horizontal permeablllty was neglected, The soft 31lt is- underlaln vy
quite impervious glecial till or by wvery compg@t?vqrvad silte The lat-
ter silﬁVWaé”bon;ideied‘moreliﬁﬁé?#ious.%han“thé soft 'silt deposit be-
‘cduse of indfeésed compactness. _

“f£. The rete of ¢onsol idet ioh was coritrolled by thickness

© of ‘the 'soft silt deposit and by ‘the average velue - of coufflclent of
- consolldatlon, Oy = 35 %107 h 2/590. ‘as-disoussed thove in Paragr&ph
‘BEE'(Page 6). Allowance for varylng 511t thiékness was’ made by comput-

ing. consolldat1on rate at several dlff@rent‘points.

5. AnalySis Method.

"E' Tt was assumed ‘that potertlal failure surfaces would
be planes in granular foundation overburdep ebove soft varved silt and
in dam embankment and éircular arcs in'the soft virved silt. Consider-
ation of ‘'plane sliding surface in ‘embankhment is consistent with the
stete 6f active esdrth pressure assdme&-theréin}"Thé ekﬁenf‘of ahy -
-sl%dahg.segmeﬁtﬂwasfconsideréd to be<sufficientiy-lbn&.parallel'ﬁo:the
Adam centerline to- permlt any three dlmen31onal ‘aspects: to be' neglected.

bl Tétsl stresses. at avly’ point on'a’ potentlél fallure |

A

surfece was computed as the vertical dimensions of the different over-
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lying meterials multiplied by their unit weights. This neglects eny
spreadlng or archlng of the dam load. For the;first sesson's construc-
' tlon thls is probabIJ close £o actual stress: condition, For sesond and

'thlrd season res ult‘ls mpne“gpprox;mate,'aLthough'becausehékﬁﬁiﬁﬁ'slopes

1
voo- (I o

. _ a .
used the approxlmations are probably fairly close. -Hormal and tangen-

tial oomponents of vertlcal fqrgeS‘Were deterfiined graphically, as shown

o
.-;'--

on Pla-te IT(). _A_Q)_L o o ETRRINRRE . e EY K SV A

'c. The e*fect of consolidation weas' determined Tor 8 num-

ber of po;nts in £he foundatlon (assumptions Ye! and’ oeM* in' Paragraph
- above) and cqnﬁours of gquallhydrostatlc:excess pressure'were-;gn-
s%ruéﬁed fbf‘thé.énd of each construction season‘as'SHCWﬁ”éﬁ'Piafé}No,
_ A25. The rate of loadlng was considered by dividing the load 1nto in-

f1n1t951ma1 1ncrements and the percent gonselidetion’ for ‘eash’ 1ncrement

'“was determlned and 1ntegrated graphlcally ss’ shown” on- Plate No. A26

TR
The meéthod of obtalnlng theseuponteuxs-ofoexcess pressure with a110W-

“anee fo£ effect og'grﬁqual lead application is illugtrated in Sec%ioﬁ
'3E, Paragraph 2, page 26,

d. From the hydrostatic excess pressure contours the ex-

cess hydrostatic pressures were determined elong sny potential failure

surface. These pressures were then-odded to ground water or hydrostatic

pressure to give total ﬁeutral_stress in the pore water. This total

neutrél stress was then deducted from the totsal normal pressures to ob-

teir the effective or intergranuler stress as shown graphically on

Plote No. A2,

6. The méthod used in the stability analysis wes the

method of slices having en infinitesimal thickness as given by May (3).

{(5) DR. May - (19387 "Application of the Picnimeter GO the swedish Method
- of Anelyzing the Stebility of Eerth Slopes"; Transactions, Second Con-
gress on Large Dems, Vol. IV, p. 5&0 Weshington, De Ces 1958.
. 1B



() Total vertlcal'welght of Sllces 1loca?® ed atrverious
 points along the assumed fallure ero wa.s found using m01st unit Welghts
above water table’ and saturated unlt welghts below - thls force being

s,

neted{es n tﬁ“a;Tf

':(2) The oollft effect of waeer pressure due o net-
ural ground'water (hydrostatlc pressure) plus that due to any hyarostatlc
‘excess pressures as determlned from excess pressure contours viere added
_together toobtain-total neutral stress "ip o, ThlS foroe was then sub-
- tracted: from the, total vertloel force " t " to obtaln the ef fective ver-
_tlcal~1ntergranu1ar force “g;f" a N B '

(3) 1o determine the.overtursfng forces the force
R L Y resolved into & component or. force vector ”T“ tangent to the
failure aro. To detenmlne the_slesring res1st1ng force the fbrce"fhff"
was’ resolved into’ rs force veotor "Neff“ normal to the fallure aro,_ The
values of "Ngpe!" and "T"'were then plotted on vertlcal 11nes progected
up from p01nts on the failure arc to obtaln dlagrems shown on Plate
- No.. AE‘).;.. E -

(). The overturning.moment about the fellure‘erc.
‘denter.was then determinéd:- by obta1n1ng the aree of the "T" dlegram
with ‘e planimeter and” c0nvert1ng 1t 1nto a moment by multlplylng the
grea by soale faotors of the’ dlagrar and by the fallure are rad1us._
The' remelnlng portlon of the overturnlng moment due to. eotlve earth
“pressure actlng horlzontally w1th1n the dam was then found usmng the.
formula for aotlve edrth pressure. The moments{of these forces were
then added to that due to sum of "T" forces to obtaln totel overturnlng

moment.. -




(5) The resmstlng moment was found by swrming up ‘the
"N ff“ forces in a menner 31m11ar to that used for “T" forces. Thls

total force was multlplled by tan ¢ of 511t and by redius of Iallure

arc to obtaln r931st1ng moﬂent of shearlng forces along fallure arc.l

-To thls moment weas added that due to horlzontal pas31ve earth Dressure\

at toe of fellure arc where 1t emerged Prom.the S‘lt 1nto the sand andvﬁk

gravel overburden. . | ‘ o | |
\6) The factor of safety agalnst a sllde can then be

'expressed bj the follow1ng Pormule assumlng the silt has no coh8310n.

PR

"\

F.S.'=.:“Neff". R Tan ﬂ + Mo ent pa381ve pressure at toe
; f"T" R+ Moment active ‘eardh pressure.in dam

Where R is the redius of sssumed failure arc.. Hecause of limited knowledge
of shearing strength of soft verved.silt the required frigtion angle @

in the silt was casrried as the unknown snd determined for F.S. = 1.00.

I Resultsf: Downstresm Slope...
a. Thickoess of the soft verved silt deposit is & maximum
under the downstreem slope and therefors, during the construction period,
this area‘will be more critical because of its slower rate of comnsolida-~
tion; For a safety factor of 1.00 and nog*ectlng eny minor amount of
cohesion that mey be present, the stab lltj studles lﬂle&LO the follow-
ing required shearing angle in the soft varved silt to the nearest half
degree:
| End of 1lst construetion season - 16e1/2°

End of 2nd construction season .- 16°

End of 3rd construction seeson - 18°

b. The stebility analysis method used recuires numerous

trials to loecate the most critical failure surface., Several failure
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surfaces were analyzed (approximately 3 or lj for each case studied);
but due to 1imited'personnelrthe number of failure arcs.analyzed was -
not necessarily“sufficient.to,1ocate~the most eritical one. Because .
the actual maximum‘requirod shearing . engle may.be slightly larger than
‘those listed above, 2° additional has been estimated to ellow for this.
Further, full passive earth-pressure_was used in computations at'toe_of
feilure surface where it'passeo from the soft varved silt to the ‘oﬁer-‘
lying sands and'gravels.. Thio moy not bo on the safe side and & re-
computetion showed the required shearing engle for the silt would be-
reised about 1° by usingronlj helf of full passive pressure. Therefore
for a safety factor of'l;O the required oomputed shearing angles iﬁ the
soft silt have been arbltrarlly ‘raised 3° to the fol]owzng values-l

End of 1st constructlon season - 16—1/@° + 5° = 19~1/é°

End of 2nd construction season - 16° + 3° 19°

3§

End of Brd oonstrdcfion season - 18° + 3% = 21°

5. Rellablllty of Results. - The ebove analyses have been

-

| predlcated on the assumptlon of dralnage durlng oonsolldatlon only ‘in -

o vertical dlroctlon whlch is romsonable only for homogeneous compres-

sible deposits. In materlals‘as strongly varved as the claromont sil%t,

che horizontal permeablllty is mgch:greater in the.dlrecﬁlon of the

 varves than-ohe.veftical pooheabiiity.: io.such'cése e very consider~

eble amount of drainago oceurs iﬁ L horizontalldireotion with acoomoony—

ing transmission of excess pressuro 1atefal¢yl1n the more pervious varves.
E‘“ Lateral transm1351on of hydrostetic excess pressure

or unbalanced pressure in tho 511t may be very dangerous from the stend-

'p01nt of 9tub111ty in the sense that 1t w111 tend to 11ft the soil under

thc toe of the dam ond reduco shear strength there.-
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(1)  The process of consolidation is well illustrated
in the following equations for stress in the soil:

e, ) + s +- ut L
total =6;nitiél A0 aaded “hydrostatic

Vo LT

23

= T + + u!
! =0 effective pore water. Jrydrostatic
or . excess - . .pressure
intergrain pressure - ‘

Ab the insbart of loading effectivé stress (6 ogp) equels only the initial
stress (§°1) and the added load (G~ ) goes into water pressure as (u)
the hydrostatic excess pressure - the hydrostatic pressure (u')‘remainl
- ing unchangéd; The'proéessiof‘COﬁsdlidatioﬂ involves squéézing out of
_ the ‘excess pofe weter, traﬁsferring thé stress, u, to (- gpp,s uWnbil
at-the end of consolidations | |
» ‘w0
" and
Fote. = i+ 6 foee
Only the effective stress (8 eff.) or intergrain stress créates shear-
:ing'strength in the soil by internal friction.. |
(2)  Benéath the centerline of the dam the addéd stress,
A O ', 'is high end much gréster then thet at the toe, ATg iR
“gorresponding différence in'fhe hydfostatid oxcess préssures.
| Assume for comparative éurposes
NG = DT 5
Whence, initially ug =.'ue + 8
Then st toe, at insként load is epplied: ~ *
WL () EN ) +D e 4 ut

U T AL TR AL R



But if the 6XCOSS pressurs at center is transmlt ed laterally
‘in the mo;e perV1ous varvss,ofrfrpq,ssnd conditlons at toe
could then'Bebomé:;'. Pl e
(O“t)e (f'e‘ff)e - YA, "',,6) out
RE L Ayt BTN (G ) A
(T oozl = () =67
3 Whereby effective or, intergrain Strsss”is reduced belcw its
| 1n1t1a1 value, ( ’5'1)6, w1th consequent loss of shear strengthr
s %Qp f efg o _tan ﬁ . - for a coh651onless 5011
~and mlght be reduced to zero if the excess ‘prosgure dlffcrence,u
/6%. , equals 1n1t1a1 stress ( Cr-l)e due to overburden.

" (3) Whlle the full pressura dlffsrence, A?*; beﬁween-
the loads added at centerline and at toe, m;ghtinot be transmitted lat~ -
arally ss excess pressuré, nevertheless, the tranSmissisn of even &
small prooortlon of the pressure dlfference, Agz., represents a danger;
ous condltlon by reduclng the shear strength at toe of the ombankment |
where the shear stress is relatlvely large. No method for quantltative
snaly31s is known for analJ21ng thls condltron, but qualitatively

Terzaghi has exnressed the opinion that such 1ateral trensmission of )
'excess pressure m&y wull havs been the causse of several past ombankment
fallures (L. " _

L) The stability anagyscshcsveréd,above neglécted
such lateral pressﬁre‘transmissipn.and are therefogs ponsidered on ths
unsafe side;.indicatiqgja valus'sf shear strength required in the silt

which mey be much too 10&. vlth many relatlvely perv1ous varves of fine

) K. Terzaghl {1903); “Stabllity of Fills Thove Horlzon%si‘ T y Strata",
Proceedings of Sixth Texas (onference of Soil Mechanics and Founda-
tlon Englnsering, University of Texas, August 19,3,
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sand in the Claremont silt, qualitatively there is considered to be good
probability of a serious slide during construction unless measures are
teken to minimize lateral trensmission of excess preséure.

b. Inequality of strains to simultenecusly develop shear
strength in the dem and foundation.is & further feature %o be considered.
The send, gravel and glacial till in the dam embankment 1s much stronger
then the soft foundation silt and reaches.its ultimate streangth at e
much smal}ef strain. From a Qualitative standpoint it is therefore nct
possible to develop full shear strength in both the dam and foundation
at the same strain.. If the full shear strength of the fouandation silt
is.developed, the strains or deformations required are Well apt to be
sufficiently large as to cause small slins and cracks in the dam embank-
ment deforming to the samsfamount of strain o5 the foundation silt.
From & qualitative standgoinp,npheyefore, it is very desirable that the
safe strength of the.§%ltn??a1iW%t?@ te & value appreciably below its
vltimete and consistent with a smell degree of'gtra;gqure‘cqﬁparable
- To that required_tqtdeyalpp‘ultimgtg shear strength in_tﬂe #trong m&té-
‘rials of the dam. ;.

g ﬁF;pm,theaqifbgtureg itj;s pogsédéredlthat the stability
.analyses cove:ed;appvé_giveuresplts on unsafe side and that strains in
the silt should be 1imited_by;kggp?ygﬂthgsgtrgss apprgciabl& Eelcw the
ultimete strength. - Even with the present flat slopes to reduce shear
stresses and o const;uqtiqn:pe;ipdwextepded over three seasons to allow
consolidation during gradusl lood agpliqation,‘tpe previoﬁs enalyses are
considered to qualitatively indicete wvery questionsble stabiiit?.

d. The stebility of the dem mey be increased in. three ways:
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(1) Addltlonal flattenlng of slopes and addltlon of
berms, which is fe551ble but would befexpen31ve.

(2)- Further extension of the. construction peridd in ,
order to permlt more consolidation to ;occur between periods of loadlng
and thus incresse shear strength of the silt. -For reasqns'ofjr%vgrpwr'
diversion ana-relocatlons, the -construction period is néw égtablighed
at three seasons and any fnrther'extension isﬁcdnsidereq_gndesirable‘as
well as ﬁnecdnoﬁicalﬁ | 7

(3 In‘s'talla-bian of drain wells in %he soft. sile
foundation to furnish frequent outlets for escepe of theiexqeés pore
water, The use of sevgral lines ‘of sand-filled drain wells extending
from the p_‘ervioug mater:i'al' 8bove to the bottom of the soft silt end
placed between the centerline'dn&lemﬁanﬁﬁént;ﬁberwilligreatiy.rgdueenn
" thé amount of Hydrbstaticiexoess'préssure transmitted iafefaily.ilBy j
shortening the water escape. path the rate of consolidation end conse-
quent gain in shear ‘strength, cen be greatly accelerated by addition of
drain-wells - the fimé fériébnsdlidaﬁioh‘varying inv¢¢se1y'ag the square
of the distance the weter must travel tp.g.draiﬁége fgpé;'}ﬁrain'ﬁélrs
heve the fﬁrther'advéntage of“econcmy and only slight interference with

other construction operations.
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- D.. FUNCTION.OF.DRAIN WELLS.

1l.: - Proposed Installation,

ae = The proposed drain well layout ‘is” shown -én:Plate:Noe
A2 and includes approximetely 20 sendwfilled . drain Wwells of . 18=ineh:-
diameter placed over the entire foundation hrea except for a region under
ncentérline of dam, Wells are omitted under this-centér régibﬁ-as’fhere
.is less likelihood .of.this: zone being:included by & feilure surface and
éince cut-of'f pfovisibﬁs are. desirable here, “The wells are spaced 60°
.feet;on centers at the apexes of equilatséral-trismgles to minimize over-
.l#p in zones of influence of ‘adjacent wells, (The drain wells extend
entirely through the soft varved silt to compact soil below, exeept it
~.is planned to omit wells at edges of the soft silt deposit where its
thickness becomes less than 10 feet,
bs Drainage from theﬁxells~i§_§pllected at the top by a
- hnorizontal underdrain blanket.of best pervibus material placed 12 feet
w thick-at base of the dam. . While the slluvial layer of sand and gravel
overlying the soft silt will serve to. partly drain water from the wells,
this deposit is not apt to furnish completely positive drainage due to
frequont-lonses of saﬁdy“Silt;-iTﬁerefore, the drniﬁage blanket has been
addod ot base of the dom %o insure posibive droinage.

24 Advontages ‘of Drain Wells,

- 2es By furnishing frequent local outlets the drain wells
'Sé??é”ﬁd"?blicvé'hydrdsfatic cXcess proésuféland ﬁiﬁimiigﬂiaéérﬁl tréﬂé-
mission of these unbolanced pressuros. Altcrnatlng spaclng of drain wells
in adgacort TOWS. ﬁldsﬂln 1ntorcept1ng tho more: pch1ous varves which

account for thc bulk of sueh lateral pressure transmisslon. In~yarved
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_ 50113 the danger from iater#l transmmss;oﬂ of;porerwater CXC085 prcssurc
becomcs greater as the ratio of horlzontal to vertlcal pormcabllity ine
-;crcases, and fortunately the same condltlon opcratcs to ineroasc tho
i efflclency of draln wells in attraeting radlal drainagc.
By reduolng 1ength of thc water oscape. path, drain
.~wolls markedly accelorate oonsolldatlon'whloh thcn ‘ocours under the Ek o]
1f1uenie-of both,normal-vertlcal-flow and radlal flcw. Corrcspondlngly,
the‘r;t; of galn ‘of sh@ar strongﬁh is accolerated
;E?' Acccleratlon in rato of settlcment is also obtained
_but ‘is more a bywproduct whlch i d081rablo but not nccessar1ly 6s8on~ -
 t1a1, .8 it is gcnerally f6951b10 to rellably estlmato the ultimato
‘=settlcmcnt near ond of “the' constructlon por1od from observations to that
Al:timc and ramse the holght of dam acoordzngly. a
o #35, Prlor Uso. - Sand-fillcu droin wells havo bcen 0xten51voly
used and devoloped by the Callfornla Statﬂ nghway Impartment to accolo—
| rate aonsolldatlon in compr9531ble fOkndatlon deposmts.f Observqtlons of
kfrésults'h&ve:shcwn”ﬁéfy:mafkéd increasos in the rate of consolidation
from & Coliformie éxperimeﬁédlFiﬁséﬁliatidn‘iﬁ-193h*and1§everal subscquent
applications to thetfdﬁndatioﬁs'df“highﬁiy.émbaﬁkméﬂts CS}”' It iSfalso_..
undersﬁood th&t several nore rccent 1nst;119t10ns of drein‘wells have
been mado 1n californla.on waterfront oonstructlon proaocts for war nocds.

.'T@rzaghi (h) has mentioned o1 earller &Ppll@&tlon in approx1mately 1931

) ,Prev1ous Rcference.

(5) 04 J, Portor (1936); "Studies of Fill Construction over Mud Flots
. Ineluding o Description of Experimentol Construction Using Veortical
Sand Proains to Hasten-Stabilization™; Proceedings of the Intornaticnal
Conferencc on Soil Mechanics and Foundation Engineering, Harvard
University, Volume I, Pago 229, Also covered in 19%8 Procoedings of
18th Amnucl Meeting, Highwoy Rescarch Beerd, Port II, Page 129,
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to tho”foundations of & msonry dom on the Swir River in Russie, but it
is not ‘clear if the main purpose of this installation was to aceelarate
oonsolidatién. In 19hl;h2 the Providence District installed a system of
drain weils through varved elay in repairing a slide at Riverfront Dike,
Hartford, Connecticut,.

e  Thoory. - Tho theory of comsclidotion by combined vertical
and radinl drainage has been developed independently by L. Rendulie (6)
and Ny Carrillo (7) both working under the dircetion of K. Terszaghi, and
by Re &, Barron (1) of the Providence District Scils Laberatory., In this
anﬁlysis of design, additional solutions by Barron are given to cover

effects of well resistance and smear ot periphery of the well.

(1)  Previous Reforcnce,

(6) L, Rendulie, (1935), Der hydrodynaﬁische Spannungsausgleich in
' zontral entwosserten Tonzylindern, Wasserwirtschou,Teehnik, Vol,
2, p» 250-253, 269-273.,

(7) N, Carrillo, {(1941), "Consolidation of o Soil Stratum Droincd by
Wells", mimeographed by Harvard University, Cambridge, Mass,
Also covercd in Journal of Mothematios and Phy51cs Volume XXI,
,No. 1, March 182,
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E. STABILITY ANALYSIS WITH IDEAL DRAIN WELLS,

l, Case Considered, - Initial studies of effcet of drain wolls

T on, sbability deﬁém and foundation werc made considering ideal drainwolls,
12 ‘inches. in diamcber, having ne resistance to-flew up the wells ‘and have
ing no remolded or smoarsd zbne*adjacpnt”to tho well, - The final "désign
differs 'slightly with woll diamcters tentatively’ inercesed from 12 +o 18
inchesy: : Becnusd of “large amownt of work required tc revise extensive
computotions based upon use of 12 inch wells, the analysis in thishdﬁpon-
dix considers.only. /12 .inch' diameteor woells, -

"2, ‘Analysis Method,

B The -sssumptions uscd! in’ studying the effect of ‘drain
wells were the'sqmeTas‘thbse-givonhin:Paragfaph“G.E;*bxcbpt-that-both
ﬂ“1normalgVQrtica1iflow:andﬁradial~flcwato‘w01ls*wéfe'consideréa; The ratio -
v-of;hordzontal-to.rortic&l;péfmoability (kg/k,) wos assumed to be 10 as o
Yery, eonscrviative. choico, It wos alsc assumed that only vertical strains
r‘regulted<fhom-consolidation. |
bs * The method of analysis was gquite similar to thot
.deseribed in Paragraph 0;3,'Page 1, execept that tﬁo combined offects of
secpage radinlly to drain wells and vertically to upper drainage face
was considered,
(1) The hydrecstatic excess pressure at aﬁy depth
"z" and for time “t".due to a load "u " added instantaneously is obtained "

by the formula

Where "u," is the hydrestatic excess pressurc at depth z. for consclidation

F——

“26-



by vortlcal £low only to & SLngle dralnago fdce and u is the Dvorsge o

drostotic oXxcoss pressure in the 20RO of 1nf1uence of each drala'well
‘for consolidation by redial flow, only to'ﬁgg woll. Théref;rc, uf "'is'
an averagoe value of hydrostatic excess prossure at depth 3 for consolldah
”3t10n by combined flow - an average for thc Z0ne of 1nfluonce around cach
C drain woll, | o
*g.‘%pwﬁbﬂewmﬁmﬁ@oﬁwmmﬁgfW&%ﬁﬁc
| EX0CSS "Pressurc, u'z,nforlcase of conéolidation by comb?ﬁéd.vqéfiégi and
radial flow, curves M and B‘Qf'Plate Np. AE?_weré plotted.to giﬁé thé
perccnt oxcoss.prcssures at the béttom}and mjd-depth of silt depositrin
terms ofﬁﬁimcnfdcﬁoff“iv?. Valueéfare éefeéﬁtages’of-initial hydrqétatic
‘ekceosé prossure, ubgfwhich'is QQua; to added load. These ocurves apply %o
% any’ dopth of silt, "HY, and'werCAthainqd from curves on Plate Né. AEB,
'CLWHﬁch is for thc[cbnvﬁntio?g%_cgﬁg3pf gohsolidation by verticai fléw and
"sshov}s rfel-a.t'ion-»of '-oonsql_idation with ._dcpth for any time t, where 1: f (T )
Shown also on Plate No, 427 is a curve R for average porcent =
drdstatic‘exoess,pressures forttimenfagﬁqx:?TH" for the condition of con=
Solidaﬁionfbf rddialﬁflow.to.g dyainAWQll pnly, with n = 80, The valucs
for this surve woré cbtalnod from Plato No. A29, which is for radlal flow
only and ngcs ‘exo008s pressuros os averages on any horlzontal plane wuth»‘
. in the. zonc of ;n£}ugnce.o£‘g-draln,woll. Bnth Platos Nes, A28 and AZQ

i were ‘token from District Publicstion on Dra1n We;}§ (L)

(1) © Provious Refercnco,”
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(1) - In these ecurves pho time faoters T, and Ty o
are dimonsionless-numbbrs' and are relntod bor time! tos follows: -

For consolidation by vertical:sdrevinage.only .-

P2 kv_(l'i-c) o s 0T .

= il
s - _ .

-For -consolidstion by radial drainage only - oo o - o

k‘H -(1"'0} t . fin

TH =

[ [ g d 2 e
. . 3‘"0 av. o L e .

“The frotor n, drain well-diametor ratio, is definecd ag oo . -5wk

d

0 = dismeter of Influcnce Zone _ “¢
well diameter d, -
In the above cxpressions 7o isuthe.ghiﬁ woight of water and a, is the

coofficient of compressibility.

(2) For consélidatioﬁ g& vefticai.}ié&lfgfd'sinéié
upper drainege facei,the.datéﬁypr E}p@tiégAéut?e;M;‘Pl&tO No. AZ7, wore
obtained for different valucs . of f;iﬁ%jﬁférﬁép%h'of chart on Platc No,

"“AéB;' Cﬁfﬁé”B ’PI&tG:No;-AET- for bottom of siltwos obtaincd in. similar

(3) -Fof*cdnsclidation,bygradig%ad;ainage,only.tgj
‘12 inch diomoter drainiwolls spaced 80 fogt tipart, ;n = 80, and for this
valﬁe'offn ﬁhe'ﬁerobn% dverage hydrostatie cxeeps; pressurcs woroe taken.
off Plate No, A29 for glvcn valucs of TH and ﬁlcttcd on Plate No. AT
to obtqln curve R. Tho avcrage exeCss pressuro, Whlch is 1ndopcndont of
depth %z, is used because any poSSlblO fallure surfucc to bo 1nvcst1gatcd

later would cut ceross the cntlre zono of 1nf1uence of ecach draln well

(W) The valug&wcf hydrestataepexcess'pressure



curves omn PlatesﬁﬂOSj”AQ?;.Aéﬂlﬁahd-A£9'aré“pérgéntagé values for instan~
taﬁeous loadingse : The true.valuehof‘preasure_isyobtained,bysmu1tipiyiﬁg '
the renl lond by these perecentages, |

_E, Tha curvos on Plotc No. A27 arc indepéndent of actual
thickness, H, of the compr0351ble s011 depos;t and to bc of value must bo
converted for a flnlte thickness and time: factors GQnVPrtOd to timc,

(1) qu'a-soil doposit'56 feet thick having an aver-

oge vold ratio e = .95 andﬂg-coofflclont of oonsolldatlon, Qv, of 35 x
3.0"'L~L Om?_'S°°°--th?-‘-ne-l%t&o-?}?f-h%P-:;f bg_’gv;eer_l Itlmo,-_.- tmbnth's“- end T may be found

es follows: . . . ... oL L

And 1nolud1ng propor convarsion factors o

( )2 ;  #i.8h§5 Iy

10'“ 60x60x2}_4x30
B30T e

.. Tho porgent. hydrostatic excess pressurc for the mid-dopth and bottom from

: Plato Nog A27 were then plottod 1n D&agrﬂn VI,. Plate No. A26, curves Y and
oKy agalnst tlmg,,tm, u51ng “the. above relatlon.;;‘ 

;;QE)- 1f 1 fook-dismoter drgin wells are installed in’
= d

[

- the above depesit with a spocing of .80 foot then "' = e =.§9-;?u80.
a4, 1
w.

" For & kH/kﬁ ratlo of 10 and maklng uS o of the doflnitlons of T and Tv as

‘glvon on Pl&to No. A27, the timo f&ctors, T and T

H’ for &ny glvcn tlme
iro thon rolated as follcws." - SRR
2, T Tgde koo Ty 807 & = oo,
T TR -~ﬁ?§¥§_,., L

‘and tmonths__= 17.2 TH



(%) -Tho avernge .porcent hydrostotid.excoss pressure

at any time % for case of combinod radiel and vertical drainage may

months
+then bo found for given. depth by pbove Lormuloc Msing curves as given on
lPlatQ'No. A27 or intcrpolnted from Plotos Nos, A28 and A29. As an oxample,

© to find the averoge poreent hydrostetic excess pressurc at the bottom of

the layer for the conditiocns at t. = 10 months:

m .
10 -
TH = -u'?—:—u = 0.58’ A i N . . . . AN
T = 10 - g.118 ¢
A - v SR

el

.For ?H¢= O;SB,\E}: from,;qdidl drainago curve on ?1&te Yoo A27 is 30% and
for T_ = 0,118, u for buse of layer, also from Plate Noe 427, .is 92%.

ul%. 50::1-9-?-*277

-In thls manner curve Z wus cons%ructod o8 shown on diagram VI, Platc Nos
" a26. —
(&} For the casc of"iﬁét;ntaneous-iaading the
drain wells hive roducéd“tiehdvé?&gé h?&rbs%a%io'éxcéss.p?éséure é%
bottom from 927 for slnglo vortloal drwmnwgc to 277 ‘and at the mld-dopth
vof tho 1eycr from 707 to 20%. “Thus the wolls h&ve dlsplaccd Surve X on
Piﬁﬁc Fd;:ﬁééJto cﬁrﬁozz ﬁhd‘ourVéJY fo'Wf{ﬂdiéatihg"thé'grod%”bﬁnéf{ﬁ
:of wolls 1n acccloratlng CDHSDlldutlon. If the )'d /k ratlo is greator
thani'c< 10 thot was uSOd abovo" 4ho $ffoot would be oven Toro mﬁrkod.
éy Effect of groduel looding wod accounted for as shown
on Plate No, AEGO‘”Iﬁ'didgramiV the upper breken linc is the loading

curve, At thc cnd of the First scason's work the average lond is 3,3

.Tons/bq.ft..Whilo‘at the ond of the sccond season it is 6,0 Toﬁs/%q;ft.
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" The ‘timeé’scales for dingreims ¥ and VI'Mave no réimtionship cxcept thatb

- with tinéiaé”thé”Ibhd”{s?dﬁdedVdré:éhU&ﬁ*én@di&éramf?'6f-P1ate%N0*ﬁ

the wnits ere odual, T T d ot

(1) Thel variations of hydrostotic exesss pressutoes

a;e-s |

will be determined as shown on diagran'v for £hé onfo without droin: Wdlls,
(2) -.At “time t tho lowd is ‘é7 tons/éq.ft and a .
small 1ncrement of load 43 /€ is pl&ced whzch remalns as o consolldat-
ing load for o period of (18~t ) months. The ‘pergentage of 1n1t1al hydro-
static excess pressure ot the end of (18-td) Honths i&‘hé%ﬁ?.85%¢frbm",
surve X, This valde is thén=plotbéd'in aiagrum 31T gﬁofe”ﬁhe'ioa&'%&iue

o found ﬁor_other times "t" less then 18

of ,;f ' Othor'points,may

months and plotted in dlagrum, 1nclud1nv th&t from load 1nerement applled

at 18 months, whlch has beon on only for an 1nstant and thoroforo dqvolops
1007 of initisl hydrostatic oxecess. 4 curve may then be drawn.through
these points as shown, -

: (5,)':‘ Nowu 7:; A }a = Au: the hydrostat‘

Lo

excoss prossuro 1n tons/%q.ft at 18 months._ Thorefore, the aron under

tho eurvoe is the ﬁﬁtml hydrostat1c cxcess prousure at thc bottom of the
layor wt 18 months whlch is consolldatlng by vert1cal fldw onLy. Tho

valuo of thls aroo by planlmetcr 1s 13 hﬁ 5. 1n. whllo tnat for the _

.entlrc rcctanalo is 15 54, 1n. The prossure, u, thcn 1s

Eiiéiéé x 6 = 5,38 Tons/%q.ft.

") Shown &lso on dingrom ITI aro curves and volucs

rfor: otHér conditions, ‘Disgrems I; II; IIIend IV dover  dotermifiation of



hydrostatic oxoess pressurgs ot difforent times thus. pormitting thg con-
struction of thoe hydrostatic cxeoss. prossurc - time curves os shown in
dipgran V. - Tho oaso with drein wells is hondled in the sane rontor, by,
cusing curves W oand Z.of dlagram VI. . . .

-;E, :To pormit thcwcoﬁstructian‘oprydrospatic_excossh:
pressurc contours as showm on Plate No.'A25,lthe proccdurc of Plate Nes
- A26 was porformed at a number of points. in the. compressible silt doposits
- &% mid=dopth and bottom £0r-cascroflconsolidation by vertical .flow cnly

. -and elso by.combincd vertigal gnd radial. flow. As illustrated on Plate
Noe ﬁaﬁ,-thcsoqhydrpstqﬁip;oxsosﬁ;p;QQSure purves‘showra.mdrkgq dcqroqse
of pressure whon wells crc provided as compared to the casc with no’ -
walls,

De hmolysis Resultse : - oo

e - - Downstream 8

lopa. = For.a safety footor of 1,00 and

Jneglecting any minor amount of cohosion prosent in. the soft varved silt,
the roquired shearing angles for diffcront well spacings studied.arc. as

follows:

50 £t, spacing 80 £+, spocing
End of lst comstruction season  10°  (13°)  11~1/4° (W=1/4°)
End of 2nd construction scason 10° (13°) 10~-1/2° (13-1/2°)

"End of 3rd construction season Vilél/é° (1y~1/2°) ll-l/é° (lh;i/2°)
A value of 3° has bocn added for same roasons as given in Poragraph G.h,ﬁ,
(Page I?)p_ Rosglts_indicatchof the spacings uscd that the differenco
in effects arc ﬁot_largo; Thisris indicoted, as regards acceleration of
consolidation by drein wciis, cn Plage Noe 431, The factor "R" moy be

considercd as o roeiprocnl of an efficicncy factor; the lower the values



of R tho more offective arc the drain.wolls, . It should be noted, hewever,
that these valucs of B are for instantoncous léqdipgs.

be  Upstream Slope - Sudden. Drawdown. = The stability;of

. the upstream slope was checked for qase”of‘aﬂsudaen'dréﬁdaﬁn of the
reservoir pool.at endfof,constructiOpisea§6ﬁt-;Thiéiiﬁf%ery Seﬁéfe‘aé it
assumes that peol is filled during 5ﬁd;qohstryét;on'éeasonfdﬂﬁJem@ﬁiéﬁA
inétantaneously at the end of the oconstruction so that fhe I6éd_on the .
foundation is & maximum. For case of 12 inch dicmeter- drain wells spaced

80 foot on.centers -the required.fription,gngle.fbr 8 stability f%ot&f'of
1.00 is 15° which becomes 18° whén'the 3% afé-'-eﬁc_ide_a 8% previously dism
cussed, |

ou Closure Section, = It is'plarmmed to divert the Sugar

-—

- River through the outlet works at the start of the 3rd construdtion season
and to .complete the dam_embankm@nt';n'thls saason‘by construeting thelre-
guired closure section as shown on Plate Nos 45. Although the dahgfgﬁ: |
this location, will be raised to its full height in ene~sea%on,_the
septiqg‘is not:so critical becauses . )

.{(l) The foundatlon 511t ig much’ thlnner.

.:L%J : Ssctlon 16 short with a strong foundatlon (ﬁill'

and rock) on the left abutment and with the foundation on the rightuside

of section strengthened as pre-loaded by the dam for 1st and 2nd seasons.

'“Any potentlal sllde in this area would have a 3 dlmen51ona1 aspecb; hcwn
ever, for purposes of.slmp11¢1cat10n the stablllty analysls assumed 8

2—d1men81onL1 case whlch is more severe. The roqulred frietion angle .

©.for safetj factor of l OO is lO° whlch becomes 15 when the.3° are aaded.



“Fo: - BEFFECT: OF-WELL RESISTANGE,: R TR R

Tulel . WelliRediskance, = fhé abové studies u{_é_re based upon ideal

wells of infinité: perisability,” offorirg no-rbs istancé to flow in the well,
ﬁctually5¢headﬁlbsSOSuﬁiil«ébcur'duefto redistance to flow offercd by the
sand bookfill if %hé 'well and this somewhat reduces the rete of consolidaw-
tion, If tho Tlow is'large or if the well croés scetional arca is swall,
then the badk prégsué dus to'well resistance will be highs On the other
hand, ‘if tho. flow is small, as for shallow deposits. or- £or very £ight
seils, or.if.the well nroea is large, bthon the resistanoce of the well to
flow will bo smnll, 4 very pervious filling would be ideal from tho " stondm
point “of minimizing well resistonce; butffflter;dcéion is needed also with
sufficiently small véids in the send £illing 8 provent  ifiwash of theé
surrounding .soil, o co

2.  Viell Baskfill, - The proposcd well backfill material is a

medivm sand.of uwniferm gradation o§ shown on Plate No, 432, This material
. will be obbnimed from Borpow “Arce:"A" by Soldetion and pleced in tho wolls
2ot aldoso density. -For this condition tho pbrmdhbiliﬁyuwiil'f&ﬂgéffrom

© 300 x-1074 %0 300 x 100 em/scc., averngd valud ﬁr-’c&j‘o"zibl#"dﬁé’ii’céoo'x";'lO_LL
. em/sce. T R e RS TR RO T EPE S

2 This sand baqkfill will serve as a filter for the fine
- sand and ooarsc'siit'lﬁ?c%s*of't@@iﬁﬁiﬁQf&f#éd;silt. L filter tost rum

on o typicel.iscmple ‘oft rémslded silt (soe Plate No, A32) was stable when
the filter matordal was on the fine side of the proposed gradation range
of wcll backfill and not quite perfeoctly stablo for filter mnterial from

tho eonrsc sidcs Those tests were all run under o very high gradient

(1 = 30004 ) which. fs:wcry much: groatér. thoh that expectod in the field



and wes empléyed'to cotmbersct fhe-qompgra%i%giﬁjﬁhpfﬁjfime_ofthg-tosﬁ;
b - It is ﬁo’c 'c'ons.i'der'c;:d_:prp,-gjtji:gg;-:‘:ﬁq;obtaiﬂ a.‘ positive

guarantec of perfoet -"fi-l’cer's.-otign; a5, 4f finor well backfill were uscd,

‘olsj e'c'bione._b':jl.o_w'é’ll“"res istonce would rosults The proposed sahd backfill

......

is cofi deféd’an;déeéﬁdte*fii%bfkfdrfﬁﬁé:vqrvésuoiﬂﬁihe‘Sand and conrsc
' silt, through;whidh:bulk~6f'fiow wili*occhr;f'Théiﬁackfill;is-not@aﬁ¥-'
perfect filter'fbr'the varves of loan olay and finost silt; but very -
) little-flow tonding.to move soil grains will occur in these soils and |
tho sm&ll-6ohesiéﬁ%pfésénthill*cbnsidorabky résist this, partiocularly
“for the lean elayy | |
j-:(l) “Rocently an- widisturbed sample was obtoindd
from ancther bod of Varvéd‘sdilS'wheTeha'lqydr*df'clédn,=01ass L2 vory
uniform5'coarSGgsandﬂabout;O.O? fogt thick was found botween tWO;layérs
of Classos B and 10" 551t and dest oliy, Examingbion showod the 50'-1;’%.‘1_-"__’60
be vory clean and ffeé'df-fine@'infiltrhtbd1ftomvth0“aéjacént*sOilﬁ*ﬁVcn
: fhough this soil has probobly beer subjocet to many rovorsals of scepage
—diroctibn in tho past several thousand yoors, The absence of infiltratien
here ig_QVidenﬁéltbﬁtfthevgrﬁdieﬁﬁg in noture wors not sufficient o move
tho fine silt info tﬁe comparatively idrge ﬁoids of the adjacentfco&rse

sand,.

B - Mathematical-Solution,'w A solution for effect of woll row
sistnnég forrﬁhé‘case-of'uniﬂqrm.vertical strain at any depth "z" has been
obtained by Yry R A+ Barron and is -'shwm.on-Pigte No, 433, For case of
simplicity, flow in a vcftical direetion has becn.ﬁeglecfcd aﬁd”the:801u- |
tion covers.d edsc where both-upper and lower boundaries of the cémpressibl

soil7arefiﬁ§efvféu§;f Thercfore,‘the selution found is slightly SlowGr thar
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true oondition, ﬁwéver, as the ratio of kH/kv becomes largef this
.difference becomes smaller,

2, Although not strictly correect from a physiocnl point
of view, an approximite solution can bo obtained for cose of consolidoe

“tien by both radial and vertical flow wj.th well resistonce as followss

U, = U, e

7,r P r
Yo
Where Yo_ " is the average hydrostatic excess pressure ot depth "z,

Z,T

l!u H

2 is hydrostatic excess pressure at dopth z for case of consolidation

by vertical single drain&gg and Er is avorage hydrostatic 0XCceSS Prossurc
at dopth "z" ag given by equation 5 on Plate No, 433, The term u is tho
initial hydrostatic excess pressure at time zero and is egual to the
applied loade The total overall average excess pressure is given by

u = 'ﬁ.'z x {fr where ﬁ'z._is the average pressure for consolidation by single

Yy
vertical drainage and %’r "is obtained from cquation 8, Plate No., A33.

(1) A study of the total overé.ll hydrostatic execess
pressure at downstream slops qf dem for various spacing of wells and
k.H/kﬁ_'ra.tios. is summarized on Plate No. A3l,, The effect of well resism
tancs is shown on this plé.te by the ourves for 80 foot well spacing, with

and without well resistance considered,
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- EFFECT .OF SMEAR,

1le  Description of Smear, - If draig wells are installed hy
cased holes and then backfilled as ocasing isAwithdrgwg,wthg driving QQé
. pulling of tho easing will distort and rgmo;d the adjacgn@kspilt _In_vgrvod
soils tho finor and more impervious layers wi;l be.draggod_agwnngyorsﬁbe
more pervious layers resulting in a zone of reduced pcrmepb?lityi;mmediatoly
: s P Y R
adjacent %o the dyain well, ﬂnve3ampl? of.thisrdigtqrtion is‘§hgwp on
Plate Wo, A30 showing some smoar from an oariy type of undig@urbpd_gg;l
sampler {M.I.T, spoon with 57;ngh”tubipghqnd:l/hfinch wall) in & soil with
velatively thick individual varves. . It is not @%?figu}#ﬁpg yiggg}}zoiq
far greater smear from the use’ of & hogvy pasinglpr ho}lqwlmgnd??;ﬁinrn
wo.drain well construetion, Such would be apt to become more P?QHP?HQQ§;
swhere individunl vorves are comparctively thin, as at Glgr?mont;-. N
. 8&s The California proctice has becn to use cgsigglog+
hollow mandrel ﬁongngﬁq;l wclis. The soils, how?vor, have been maiﬁl&
peat, harbor silt, eand othqr sim;lar soils which argap;obab}x‘got:ggr@icun
larly stratifiod. . Adthough remolding hy:thg ca§ing will roducé fhc pc¥mc-
ebility - of the surrounding soil,_ﬁhe;gaduqtiqn ghoq}q not bolaqywhgrg near
as-serious as that for‘varved soils,

2e Mothematioal Selutions,

Ge .An cpproximate indication of the rotording effcet of
-8 zone of reduced permeability at well pcriphery, may be had for a constant
~rate of radial flow from a solubion by Muskat (8)s  During study of

© (8) .- M, Muskat (19%7); "The Flow of Homogoncous Fluids Through Porous
Modla" NcGraw-Hlll Book Co, Po hOB, -
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Clarcmont foundatlon problcms, R. Ao Barron of the Dlstrlct Soils Labora—

.tozy obtalnod two solutlons for the o;so of consolidation by radial flcw
fw1th & zono of roduced pormeabmllty adgacent'tO'the droin well, - These
solutlons dlffar from Muskat‘s, in thot tho raté of radial flOW'varieS as
consolldatlon progressos and is not constant Solutlon Wo. 1, (soe Plate
"No. A}S), is for a c&so whero vortlcal.gtralns at any depth arc not equal
and solutlon No. 2 (see Pl&te No. A36Y) is, for a case whers such strains
are all equal. . |

”E,w' ?ho principal difficﬁ}tiég in using thgso solutions
'2556 the selccfié&fofuén‘average’ppfmegyility,Aks,.pf the smeoarod or row
- méiéedﬁéﬁnefﬁnd fhéiexfcnt'of.this'zono. -For'stnatifiod‘soils, guch as
varved smlts, it would appnsr th&t "k " wculd be of the order of magnztudo

ks
of kv, “the averagc pormehblllty 1n a vortlcal dlroctlon.' Tho extont”cf.
K-the rcmoldcd or smoared zone w111 depcnd upon tho woll installakion mothod:
| h:j“".'{".": ".(l)f If the wcll 1s 1nstalled by carcful aﬁgerlng and
‘ﬂ"gettlng, thm smearing mny ba llttle or nono." “
S | (2) 7 the wcll is- 1nstallcd by ariving a cﬂ31ng
' whibﬁuiéicieancdtgut ﬁg it is sunk and #hcn_pu}led.&s woll as backfillod;
",fhe rcmolding or smear may be oé fair.mgénit&dg,_éépecii;ly if extéfnally
;flush Joxntcd caszng ig rot us;d ‘ _ T |
'(3)7 If & holldw mandrcl is drlven with a detachable

' 'boint 50 as not fo'éeéuire cloanlng, then the-scll'w111 not only be re-
molded by friction of the ca51ng but also by belng d;splacod and conso=
~.quently the” ramoldcd zone Wlll prob&bly bc of a. very. substantial thicknoss,

1'23 Although some difference’ oxists betwcoﬁ the 1n1t1al

hydrostatic excess pressure dlstrlbutlons for tha abcve noted solutlons
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L]
for uniform loads instantaneouéhy appliéd défbbﬁﬁolidﬁﬁioh‘pfogréssbs*
thig differggbe diminighes. The average hydrostatic excess pressuros,
however, ore clways vory near equal. Inasmnch as’ the equal straln cogh

is much easier to handle, the following exomples are bascd on thiks' solim

-

.tion,
(1) Assume the woll dlameter—zone of influence'
~ratio, de/aw ‘ 60 and the ratlo of smoarod zone to woll dlametor,

' rs/iw =m = 1.5 (for 1 12—1nch dlameter woll tho sme&red zone thlcknGSS,

[ARPR f

Ty = Yy is 6 ;nchgs). Then thﬁ average hydrostatlc oxcoss “In percentage
' BT : STH Gt BWtky
F(m) o =IOFm)

= 10Qc;.; 7. where TH;is.q tim0

factor and F(mh) is defined on.Plate No, A36,  The term:bqkis”arfgnsﬁqnt

of initial load i8U/h ~ = .100e

M'&épénﬁing on physical proporties and'dimpnsipn so. that W tkﬂ/ﬁon?_iﬁ
where "t" is timés ‘

" (2) { Now for differentnratios_of.k#/kH and smears

.

e
Ly

L 23

RS0 T w s '.5 TR T 1.0 P W3

$_7 no smear - i smear ;4 MO SMear - '3 . ‘smear
v g ; TR R YL R 81,06
.u/ﬁO::AIOOG 2'39‘” 6y | 100s™1* 1“'*)t & 100072309 Wty 150em1e8HO T,

. Tow for sty value of &, THS © To rowoh TRt ,

R percent of consolldatlon in terms of b1 1s .
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Therofore, it is apparent thot for equal smosr zones having k, =k , the

v.'l
s0il having a permeability ratioc of‘kH/kv = 100 will consdlidate‘faster
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than a. soil having a similar _;jatio of only 10. Howewver, the redustién in
c?n_sél;_i.dation. rate because .of_‘smear: is mish greatorifor kH/kv equal tto
100.‘ (1_7)_ 'b:i.l}ies,as sibw);gas,.ogmpared to :tha't'-af-‘ér 1e‘:H/l:v_= lO‘.(E.-l times ‘oS
Skaw)e S T S

d. A solution has also boen cobtained fbr. the ca.so.'_df:féquo..l

o

strain ,at- any depth.z-for consolidntion by radial flow with both smear ond
well ‘resigtance prosent (see Plate No.‘l'ABé)i.* For .case oif---ix}rs-tgntq.neous lond,
,{ir_lgl,.\_consolidati,'on _ourVQSg ;e.rg shown on 'Pla:&é_ Mo, 437 for-warious “casoes, ‘of

_,_‘.qmea.r_conditions with ,_ta,nd-wj;:b;hout. .W_ell. registoarice. :,Ga;."se‘.ffdr m =7/6 e

Y
-

(1-J.nch thlck smear for ;I.2~:Lnoh well} WOuld appear to be a mlnmum i‘or
- mstallat:.on of walls us:mg o. co.szng;, whllo m= 3 (12--1nch thiclc smoar :

for 12~1noh wcll) would a.ppeo.r to be neo.rly & maxmum i‘or a hollow mndrel

driven waﬁh 'botal dlsplaccment of 3011. For the flrst caso tho lag causod '
3

by woll rosistance is about oquo.}. to tha'b due to smecr, whoroas in tho

second co.so the W@ll ci‘fect is much the smo.ller of ‘bhe two,

e "“"""3. - ImPOI'tance of’ Smoar Reduction- - From the abofé ais%uss'ion

mee it g appirent” -Eha'b It 48 very mportan‘b to minimize smoar at wells in
"“‘mrvté'd"ﬁbils o o‘otam “the' maximmn benoflts i‘rom drm.n wé 1ls. Dur:mg

the 1nsta}.1at10xls of drain wells ot Ha r‘bford, Connectlcu'b 1R 19)4,2 by tho

1 v — [ ‘wu'-.
R T Rl 1 b R - e e .

Prov:denoe Distrlc‘t the 1mportanoe of mmlmzlng smear in varved so:LJ.s
was roaogmze'd_.. The }vells-wqrg-sunk umasod .t_hrquh t_hﬁ va;ved cla.y and
ola;; wos ‘é:;_cc'avg’;:je‘d. by & spacialcu‘btmg augorln qub:;x_naji';i‘on-with Jotting

‘action of wator, | E |

-i. Withsdvlcoofthc c_zngincgri_zig consultants fp‘z‘.';-,Clarc-

mont Dam, it is proposed %o -install cxporimental wells in advance of

ac;vsrtisaﬁen’c of bids to determivie the rolative effioieﬁcy-__of; tho two.

"'"LLO N -



following precposed methods of well installation,

| (1) TInstall wells by driving an 18=-inch casing,
cleaning out cesing as it is advanced, Thon backfilling casing with sand
as casing is removed,

(2) To minimize smoar install wells uncnscd by use
of spocial auger. cutting by waber jets, which is now being designed by
District ecxploration forces,

(3) Wells will bec tosted by lowering the water in
them and then observing rate of inflow,

k. In the séability analyses the &ffect of smear has been
neglected in belief that it can be kept to o minimum by method (2) above
and booause it is bolieved that tho use in tho studies of kH/icv = 10 is

very conscrvotivo,
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HE., WELL STIFFNESS

_1. Deformation of Wells.

8% Although sand backfill in the draln well is placed in

8 qulte loose state, 1t is reasonably certaln to he less compress1ele than

_\_‘ : '

the surroundlng varved 51lt.' F‘r'ozf‘t thle tﬁc draln well has some tendency

'to act as a sand p11e or hard p01nt in th foundﬂtlod, attractln? load and

P

*'somewhat relnev1n~ stresses in the sur“o'*dlna cowp"eosiblc 511t dep051t.

hA solutlon 00ﬂ51der1 '; deflnlte dlstrloutloﬂ of load betaeen uhe ”011 as

8, sand plle and the remalnder of the founda on has not seemed feasible at
‘present due to the uncertalnty in dssumptlons necessary." owever; a llmltlng

- .

'c&se\has been solved &s covered in the‘p ev1ous¢y mentloned Pﬂovldenne Tis-

trict Bulletln.(l), From this 1t appear tn £ tﬁé 1hfluence of drain wells

' oo e s . [

attractlno 15ad has very 11ttle effect eq ﬁhe overall rate of’ consolldatlon

- y

of the cowpre351ble dep031t altbough the stress dlsposltlon on any plane in

:‘the soil is affected consxderably (see Flgure 5u oP reference (1))

| l.:"égl OF mord concern is actlon‘ef the draln vel in deformlng
funder thls Toad concentratlon as.the sufeoundlng conpve331ble 0511 settles -
Jup to a max1mum of 5—1/? fent estlmated at thls 51te. @eformaulon of the
-afwell may be’ accompllshed elther by bulglng of fell column of sand Nlth
small 1ncrease in den31ty, ‘or by 100&1 shearlnb wath Dossibly ) relatlvc
‘wd{eplacemEﬁ%“othhe sandhcoiemn.'“

“ ' - (Ij'.BuIéing ie'hot'eeeeetionable end for e.%aximem‘
settlement of 3~1/2 fest at Claremont Dam, draLn wells 80 feet long would
.have to 1ncrease unlformly in dlameter opLy the follo11ng small ameunts;
l 12 in, dlameter well to 12°; in. diaﬁeeern

.18 in,. diameter well to 18,4 in. diameter
2l in. diametsr well to 2Li.5 in. diameter

(1) Previous reférence.



The increase in diaméter would be less than this. if allowance.is wede fﬁr
densification of the sand backfill ffdﬁiiﬁ&Qinifigll&fiobse state.
:i(E)jrA EBf§ﬁifé*sﬁéﬁ5iﬁ§ of the WéliiéOIﬁmﬁ could be very
undesirable if continuity of tHe dreinagé’ path ifi the well wére to become
broken by intrusion of impérvious silt of ledn éiay‘ffam-thé"gurrouﬁaiﬁg?
deposite If aﬁ‘intruéi?h'df substaﬁtial“ﬁhiékﬁass (G'to 12 'inches) WGré
‘“to interrupt the dralnage path, it mlght even nulllfy ths “effect on. OOnSOll“
dation’ contrlbutad by portlon of” the Well below the broken zone.‘

2. " Pagt 1=‘Jcpcsnf'lenc:e.

2« - The ePPect of well deformatlon.under ‘attracted lohd
was conéidéfed in5the 19&1-&2(Pfovi&ence District insbtallation at'Haféfdrd,
" Connecticut. K%“%ﬁé:éﬁggééiioﬁVQf’mr;:A;'Gaéégrahde,‘ééﬂéﬁlﬁént, atténpt
_wég:ﬁédéqfo insﬁafliéuéhioh-léyers of'aindérs;'whidﬁ mafé?iéi i%tmﬁféucﬁm-
pressible thaﬁjﬁﬁé'éaﬁh'backfill and substanfiaily-éé éé;ﬁibﬁs;: Purpose
of the cushion la&efs“in the well backfill o o iné#éésé'théﬂwell"00ﬁ4'
preséibility'and“fé&ucé”qhanées:of sﬁ&den‘éhéar féilﬁre'in the well column,
‘45 there was séme cdﬁéefﬁ that g'shbdk'écdoﬁgﬁﬂj{ﬁéaéhéériféilﬁféfmigﬁ§ 
canse & berporary iferéase in the hydrostatic excesd pressirs im-the die-

" gurbed varved cléysﬁeiow{éhis-sliéé:éréa.Tﬁﬁé&évéf;ﬁéhé‘diﬂderé Sbtainsble
brove 46 be a poor filter aghifst inbrusion of “the silt streta in the
surrounding vaerved cley and difficult to'iﬁ§%§ilt"ﬁéndﬁﬁglfoFSinkyﬁhfoﬁgh
water'slowly'aﬁdvfd ix With‘thé'sgﬁﬁ a5 ﬁéii}és bféak down in grain.siza
thus reducing permesbility. Accordingly, the ise of cinder cushion layers
was abandoned analbﬁik of tﬁe‘éféin wélis:baékfiilea eﬂtifél§'with:saﬁd;
(I) In the absence of borlngs at the s1des of the

_ completed wells, no p031t1ve evldence 1is. avallable whether these Hartford
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drain wells deformed by bulging or by shearing; but at least no ill effects
_ were observed,

be. The California Highway Department has employed drain
wells from'EO to 30 incﬁes in diamebter on 10 to 20<foot centers beneath
£ills where the observed settlement has totﬁled gseveral fest. More recent-
ly, it is understood the California practice has included 12 to 18-inch
diameter wells up to 75 feet long where the observed settlement has been

I} feet and larger. From conversations with Mr. O. J. Porter and Mr. T. E.
Stanton, Jre., of the Califoraie Highway Department, it is understood that
their several installations have been wvery successful; and if any damage

to the drain wells did ocecur by shearing, it was .of such minor nature as

to escape notice in the records obtained of the consolidation rate actually
octurring.

%, Probeble Well Action. - The possibility of shearing of the

well colum of sand reducing efficiency of the drain wells is more probably
confined to their use in stiffer clays. In the soft silt at Claremont Dam,
deformation by bulging is believed more probable, oonsidéring that the soft
silt needs to.be compressed laterally only about l/L.inch in each well to

accormodate the maximum 3-1/2-foot settlement.



I+ SELECTION OF WELL SPACING AND DIAMETERS

1. General. - The stability analysis discussqdzig\Secp%qn.E_t.
of this gppendix is based.upon the use_of‘la_inch'diaméter ideal dyein wells
spaced at apexes of equilateralitriangleslao feeflg?éyt. A walue jof kH/kv
.of;lOwwaSgusgd,‘qnd it waszagsgmgdcth&t no well resistencs or sm?arPW§$
present to reduce consolidstion ra?e. . Plate No. A}hﬂindicgtes ﬁ%e hydro=
static excess pressures for the first season construction for well spacings
of 80, .60, . and 50 feet corrected for well resistence for cases of kH/icv .
equel to:10 and 50, respectively. Values were computed for. the 80 and 50

foot: spacings and?interpdlatedifor;the 60-foot spacings Also shown on Plate

A3l is'aourvel for consolidation by vertical flow only (without wells) and

another for ‘ideal well at 80-foot spacing as used in the stability'analyses
“noted above,

2+  Favorabls Festures. - Favorable features of the conditions

analyzed are.-mainly thet the soil constants: used arefdonsidered‘éuite con=
rgervabives.

8. The ratio kH kv = 10 used in the stability analyses is -
probably ‘quite low. Althdugh no determ;nations of this ratio were made
Tor Claremont silts, subsequent tests on ,similer silts showed ratios vary=-
ing from about 5:to 80, with probability: that the ratio is higher in nature.

b:  The perméability of the drain well back{ill will probably
renge from 100 x 107 to 300 x 107! on/sec. For study.purposes a value of
200 xrlth cm/%gq was used and is b0ﬂ$idersé con#ervafi%é;

Cs ° The studies of effedt of wellirééis@ange hav@‘beenﬁfon;
g sggtion-where-silt_is the deepest-and therefore the.amount gﬁlwaﬁgr ﬁp*be
discharged‘ﬁhroggh the well is the greatest. At bther'locétions where silt
deposit is thinner,-the wells will have to handle only smaller restes of

¢flowbwwh§ph,willﬁresultuin;well_resistance contributing.less effect on the
‘ r 11_5 -y

V.
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consolidation rates =~ 7 7

Be Unfavorable -Féé{-;ﬁr‘.és o
.Smear was not con31dered 1% the stablllty analyses, but
'may sécur' even with the use of methods proposed for mlnimizlng “this feature.
E ‘Revised constructlon ratve, as determlned after completlon
—of major portion of stebility study; is shown‘on'Plate‘No;-AEB; indicating
fhat:the firs§ﬂ$§as¢n'swlbadJWEllfbe55@ﬁé§ﬁé%*1ééé~aﬁ&“£hé slecond seaison’s
l-é-g;d. somewhat: gr eaéei-; than m the. :ofigml., rete.considered in stobility. ..
: énalysis. ‘Howewer, . as shown on Plate No.- 438 the . hydrostat;c excessipres- ;
sure at the end of the second season for the new rate, using 12.inch dlameter
“wells at. 60ufoct spacing and. con51der1ng well. reSLStance, is: somewhat less
than ‘that for BO-foot spaolng of seme d;ameter 1dea1 wells. To account: for
some. reductlon in well- gree due to fllter actlon of well baekf;ll not belng
‘gquite. perfeot, g, reduction of dlameter hes.been assumed. for the 60-foot
spacing from 12 to 10 inches, end this considered in computing theccurve~9n
. Plate Noa.: A}&a ;145?ﬁ¢-'
Some of the: drain wells may shear off dur;ng the progess
@f:ﬁpund@tion;settlement.but;based-upon-pastﬂexperrencggof?thia?mistric#fat
;H&r&forﬂ-anqiﬁhégmpré extensiye.expefiamce.of ths:Cg@iforniaﬁStatevHigh:‘;

- i ey Department it is expectedwthat this,item will be only of o minor natures

-:=h . General. Consideratlon3¢;f“f;.x.mﬁa asu'“"
| JAS0-foot spaclng of weélls. is” satisfactory. but prdbaﬁly.
unﬁecessarily;clwsgu;LThe estimated number of wells for this spacing is
425y A spacing.of 80 feet (175 wells required) is considered toé-Wide,. K
ﬂbcmsiﬁering;ﬁeilﬁrésigtgﬁcejandfpdssibility ofISOme'ndnorasmearing,ﬂ,4w-f-
épacing.éf;60ufe;t}(é&Q:Wéiﬂswrequffed).wéchhbsanaé&fg&%bﬁﬁ%&enéelecfinn
b&Sed.upoﬂkindi#dti§n$%of'Plate.Né;lA3&o;fs¢ﬁe;miﬁ0r?€ﬁbﬁf;thﬁfimﬂy“devefaﬁ:
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will probably be offset by the true value of ky/k, being much greater than
the ratic of 10 used in the computations.

}_‘.\_. The later increase in diameter of the drain wells, from
12 to 18 inc'hes,- will slightly reduce tiae effescts of well resistance, permit
8 minor emount of smesr for same rate as a 12 ineh well with- no smear, and
elso provide for loss of well area from imperfect filter acti.on of well
backfill without any serious increase of well resistance. For these reasons
the board of consultants tentatively suggested increase in diameter to 18
inches, final selection to be governed by data from instgllation of experi-
mental wells. These test wells, to be installed in the spring or summer
of 1945, will be used to obtain date to determine final minimum dismeter
and type of installation method. |

ce If the experimental drain wells indicate smear and if
theat cannot.be offset by inofeasing the diameter of wells to 18 inches,then
the proposed 60-foot well spacing mey have to be reduced somewhat. On the
other hand, if the results of the experimental wells are wvery favorable
and construction methods are feasivle, then there mey be a possibility that

12 inch diameter drain wells csn be used.
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J. DRAIN WELL CONSTRUCTION METHODS.

In tﬁe oripinal analyses 18-inch diameter wells-werelconside?ed as it
was initially estimatéd tﬁis size was most economically suited for construc-
tion equipment readily available. In the final design, well diameter has
been tentatively increased to 16 inches for reasons previcusly discussed with
the expectation that cost would not be unduly increased. Experimental wells
‘are plannad to investigate construction methods for reducing smear and to
“study the effect of diameter from which field experiments, final construction
methods end well diameter will be selected, as well as any chanroes in ﬁell
spacing if such seems necessary. Detaills and extent of this experimental
program have not yet been fully determined but the following is & prelininary
outline.

1. Two construction methods are planned for instelling these experi-
ﬁental wells.

a. A method 18 heing actively considercd to minimize smear by

51nk1nﬁ the well wacased in the silt and excavating by action of water jets
‘of a special cutting auger (9): The method provoses to case through tho 15
to 20 feet of sand and gravel deposits overlying the silt. This casing will

be cleaned out by jetting and any large cobbles romaining will be pushed aside

. by the use of a special spud. The drain well will then be edvanced as an -

unecased hole in the silt using the special cutting auger combined with jétting

to.aid cutting and romoval of soil from holc.. When the auger reaches the

"~ bottom of the soft silt deposit, & mixture of sand and water will be pumped

~in by a pump~ecrcte machiné to' the bottom of the well through a water supply

pipd to the augor. As tho sand backfill is deposited the auger will be removed.

'(9) Devised by F. Be Fahlquist ~ Head of Foundatlon Irvost1~atlons Soctlon,
: Provxdcncc District.. : - ' \ ;
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The rate of auger removal will be @q;ggﬁeﬁ §0 ﬁb??‘it,is‘jQSt helow the top
of placsed baclkfill... With a cqnstan£ fldw of water and the'maintenance of an
excess water head inside the weil,‘it is not expected that the well will oles
un before sand is placed. However, if this occurs the auger will be able to
Viéleaﬁ the hole out as it is removed depositing the sand below the aﬁgef.

S b A second msthﬁ& of instelling drain-wells will be to drive an
open end, flush-jointed casing. to bottom of the soft siit. To nrevent excess
remolding of seil as the casing is being driven, it will be Eept cleaned out
either by jetting or by use of compressed air.  Upon .reaching the bottom of
the soft silt the casing will be clesned out and backfilled with sand, As
“tho - send- backfill is being placed the casing will be withdrawm, keeping the
top of the sand fill juét abové'the hottom of the casing to prevent silt from
‘squeezing off" the baclfill. With bthis ﬁorq,conventional method of well insta

lation & considerable amount of smear is expocied at the well periphery cause
by driving and removing of casing. |

© 8¢ It is plannod to further‘investigate'effccts of construction met
on tho &moﬁnt of smear by sinking shallow holés with the above fwo methods in
silts similar to those at Clarcmont which are found sbove the water tablé at
-iseveral places in the Connecticut River Valley. By working above the wator
table it will be possible to-sink shallow drain vells and +then cxpose the re;
sult in o test pit to observe the amount of smear crosted and to scoure un-
disturbed samples for tosting. To partly simulate conditions ot Clarcmont
where the silt is well below the wetor takle, it is probable the test arca wi!
bo partly saturated by.surface'pbnding for a considerﬁble period before the
tosts. |

'3, It is élsdfpldnned‘to place woll points or similar pump sorcons

in the backfill of the oxperimental wolls and to odnduct pumping tests to

o =l -



furnish some data on the offeet of smoar from the different construction methods
The wells will be tested for infiltration capacity by lowering or raising the
wmater table within the well baclfill and by ocbserving the rate of chaﬁge in
the wells and at piezometers placed around the wells. During suech tests the
sand and gravel overlying the soft silt will be sealed off by casing.

ts  The present layout of drain wells on Plate Nos. AZ is based on the
srobable boundaries of tho soft silt deposit as determined from available
yoringse During installation of the wells a record will be kept of the extent
»f the silt deposit actually encountered and revisicns to the well layout made

15 necessary in the edpge zones of the silt deposit.
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i OBSERVATION DEVICES.

l. Piezometers. - Because of the megnitude of Claremont Dam and the
soft, varved silt depcsit in the foundation which is highly stretified, it
is very important that the hyﬁrostatic'excéss.pressures ke kept within allow-
eble limits and distridution at all times. An extensive piezometer layout
will;”thcrefore; be‘iﬁSfalleé'in the soft varved silt at strategic locations,
and observetions frequently taken to record actual hydrostatic excess pressures
and their rates of chahge. These piezometers will serve as & warning system
in ovent df&in wells do not funoction as well as-analyzed or load is added so
ra?ﬁdly as to create unsafe conditions,

éf: Because of the fimﬁ lag that éccﬁrs with open pipe piczomoter

in #erf iﬁpéfvious compressible soils, coasideration is*beingfgiven-toithe.
possiblé ﬁsé‘of %he'éléétric strain‘gagé'typé bf'piezomete%-which re@uires
only ncgligiﬁié movemont of water botwoon soil end niezometer tip in order..
to reflect pressure chonges. Howover, at prescent the cxact design and locatior
of those piczomotors have boon deferred wntil experience of others with this
type of gage has boen detcrmined,

2+ Bettlement CGages, - Setilement gages will be installed on the dar

foundation and carried up as the embenkment progresses to obtain a record of
settlemert. To remove the possibility of the £ill gripping the zage pipe and
pushing it into the foundetion as the embanlkment compacts under its‘own weight?
a slip joint is provided just above the foundation. The lowser part of the
gages will be perforated and protected from infiltration of soll by fine mesh
soreen and sand filter layer to pérmit observetions on water table.  Vhen pool
is low the water table at the downstream portion of dam may be somewhat below

the top of foundation. Thefeforé, these gages have been equipped with well

point extensions to present minimum ground vater elecvation.
- 5] w



,5' Latera ,vaemEnt.“—_Honuments_arc piééné}.along the toes of the
embankment wnd also pOSalbly o the embanrﬂent slope to observe any lateral
movement. These will be u;gd_ip_oopjupctio; with thegpiegomﬁteqs_ﬁokdeﬁqct .
any overstressing of the fQupgation-tq p:evegt fQund%ﬁiQ§.ﬁgilureé._:ﬁbgﬁﬁénﬁé
will be set 80 &5 to be free of any da;ﬁgr of {ros% heaving. |

e In accordanoe With policy‘for‘expediting general designs, the
main design plens and speclflcatlons for Claremont Dam.have been compieted
except certein Dhases requ:rlrg further study and . development (+ypc and loca—}

tion of piezometers and monuments) have bcen aeferred for Lne Urcsent. Tha .

- settlement gages will be 1rstalled oy tbc anoankment comtracuor w%ile tho

other chservation devmces will ho lﬂstalled by govornmont forces.
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L. RELIEF WELLS.

1. Deeply Buried Pervious Deposit..- As shown on Plate No.
‘A7, - deposit of pervious sands deeply buried by impervious overburden,
exists in the bottom of the-pfe-glaqial]bedrobk valley.exteﬁding’from
some point above the dem site Fo at leagt 3000 feet dovmstreem., The
eﬁistence and loc%tion of any. inlet or outlet to the ground surface for
this deposit is not known from present borings. 4As a rock barrier rises
to the surféce in,t?a present rivep valley aont one mile downstresm in
the City of Claremont, there is at least a possibility that the pre-
glacial outlet of this buried pervious is now blocked by impervious
glacial till.

2. Uplift Pressures - No Wells, - If it is assumed that an

outlet for this deposit does not exist and @hat an inlet does exist
within the reservoir area, it is possible that excessive wa%er pressures
rmay develop within the deposit at downsiresm toe of the dam.

2. 'Using the symbols and formulas shown'on Plate Wo. A39,
an estimate of this uplift pressure may be éiﬁééiy approximated‘for res-
se##qir at sﬁillway, assuming gn'inlét'gt I0,000‘feet above upstream
toe of aam ;h& a barrier 3000 feet downstream bloecking any outlet.

L; = 10,000 ft.

Lo = Ly # 1000t (dam width) £ 30001 (length of pervious below dem)

Iz

i

11,000 ft.

nd
]

11,000 ft. (downstresm toe of dam)

100 f+.

Ko
i

Lo f%.

e
v}
t

N
-
§

= 0.001 % 10-H em/sec
50 x 10"LL cm/#ec
BE* 105 v,

'
no
3
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K3

es uplift pressure on base . of "Impervious
averlying the pervious deposit at the
downstream toe of dam.

b. If~the under ground perviops-deposit;has a mach wider
area or higher’pe}méﬁbiliﬁy upstream froq therdam;'this.exCess.heaﬁ mey
be somewhet higher possibly of the order’of‘95'to 100 feet. Assuming
such condition with an excess head of 97 feet, safeiy apgainst flotetion
at downstream toe is analyzed as follows. The total overburden above

the buried deposit will ha%e a'vertioal-preésﬁfe of about L.l tons/%q. ft.
computed from moist soil weight ebove water table and bﬁoyaﬁt bel&w., The'

factor of safety apgeins®t uplift then isq

- 5L -



L.1

Buoyant Weight T7 x b2.L .
F.8. = Uplift = 2000 = 1.36 _

In the riverbed where the overburden load is less this factor drops to
- about 1105 for pooliat:spillwey. - ' .

3, oEffeetiof High Wplift-Pressures,.- These factors of safety

“against flotationiare wery: low for a dam of this megnitude and. the chance:
of boils ?nd springs-in downstream toe area developing are guite possible

I 8. Mbne:Serioug, howsver, than_the‘development_of boils,
‘ete., is the reduction of intergfanular forces by, -the. upward and opposing
seepage forces. The excess pressure due to upward seenage acts to re-
.duce iptergranular stress in the same manner as the hydrostotic excess
pressure from consolidation as explained in Section ¢, Paragraph 5_&,
Page 18. Should the intergranular forces be redueéd for this reason, a
very serious loss of'shearing strengty_will follow; and in view of the
week nature of fhe soft foundation silt snd its reguired treatment, such
8 possidble furthef redﬁctiOn in shear strength‘ié considered as.requir-
ing preventive trestment,’ f

L. Proposed Treatment, I

8+ As noted above, the exact extent of this buried per-
vious layer.is mot known. Further borings would indicate its possible
extent but would hot guarantee the absence of an inlet conhecting with
‘the reservoir. - Further borinés might succeed in locating an outlet from
the buried pervious deposit, if such exists; but cost of the large num-
‘ ber of additional bbrings to demonstrate this coneclusively is well. ept
to exceed coét,df'treatment %o prévent dangerous -uplift pressures in
the Bu?ied-perviéus'layer;‘ Therefore. proposed treatment has been de-

. -8ilgned on.basis of the.inlet and blocked outlet conditions assumed in

- Paragraph 2. a above. .



AL ot Coaiod -uf‘:ﬁgjnpbz:""i'.fr e i ntd Al
b.  Five relief wells will be.installed juStFﬁéIoﬁzééwn‘
t. stresin-tog of embahkmenﬁi-extgpﬁiqgiggﬁbygh?ofﬁrmwégggjmpervioﬁs to tap
. thaxﬁuried'penvébusfiéysr:gﬁ@rfé}igﬁé'thé_pqssible high uplift pressures
"_therein. The buﬁ;adkpe;viéﬁg i&}gf:Q#iymémﬁllfiéﬁéﬁai;then#.asrshqwn
i by présent borings and QOmpﬁtatiShs indicdte that 3 Wg}ls_would be sﬁt4 
r:isfactoryr:'However; Witbﬁsﬁch~ﬁfsm&l1-ﬁuﬁb§r of wellsy the effect of
-one or’twosﬁail;ng.tg bgzﬁgilyiefﬁicieﬁt W@uld.beﬁgdvenses:SO‘two.addi—
; tiqnal'Welks'Werer&dded:ﬂoﬁﬁg%baﬁér‘safeﬁy,-ﬂﬁiﬁh thése;xglieg»wgl%s
.added the factor of s&fetyiaé@tﬂ&ﬁgfLot&tLQnAisfinqne&seﬂwto-ahdutvlﬁ

which is considered ampled sunnu” voaioanterdnl st sl B

5. Relief Well Métails, « . 4i- v, T -

. ng Beéauseiof_tﬁéudegﬁﬁ~gndreartﬁﬁprgésgres"involved, the
use of V.C. pipe or.porous ccncrete_pipe'is notvcogsidérE§,desira@}g."
The sections of such pipé are. short aﬁd brittle -and apt'ﬁo.disiocate
under.aﬁy minor horizontél foundatiog:g?gg;ps,g4rl

Pf' Itiissproposed;'thequore,ﬁtq uge_é-inch extra strong
Wroughﬁﬁirénfpi?é?for_thd casing both fo;'ét;éﬁéﬁh éﬂ& life. The lower
portidnfof.the;well will'coﬁsist af-15 f'set 'of brass écreen.of size to
- prevent infiltration of soils as shown o Plate No. ALO..

t.g,;_Thg,upper end of -the pipe will discharge into'anﬁﬁried
drain-tofpreventjfreezing desﬁroying.tﬁe“value ofﬁweylg{Qu;;ngﬁpe;iqu
of cold wosther with small of'intéfmittent‘flow from the wells. Thé top
portion of”the well will be made so that any.well can be 9ut_0ut and
tested_byng¢rgwing,pip¢ extgnéibn to the inside‘of“éfinch-oasiﬁg_belcw
the upper outlet. .Loégﬁion’ghd details pfftpe_relief'ﬁe}ls‘hrc sh&wn

on Plate No. All.

s -



d. To minimize any damsge from possible horizontal move-
ment in soft silt during application of dam load, the relief Wells‘wi;l
not be installed until the third, construction season.

6. Relief Well Discharge. - The quantity of seepsge from each

relief well may be estimated by use of Jervis! formula (10):

kyEeD
E.Ll

Qper well ©

Where

kpy - average coefficlent of permeability of pervious deposit
in horizontal directicn -~ 50 x l0™ cm/sec.

H ~ difference in hyéraulic head between pool and well outlet -
105 ft. for pool at spillway.

& =~ well spacing - 100 ft.
D -~ depth of pervious deposit - L0 ft.

d - distance between inlet of pervious deposit and wells -
assumed at 5000 ft. for greater conservatism.

E.L. « extra length - 58 ft. - computed by inberpolation of chert
on page Lli, Technical Memorandum, No. 184=1, U. S. Water-
ways Experiment Station,

&. In previous computetion it was assumed that the per-
vious layer inlet was 10,000 ft. above upsiream toe of dam; however, for
reasons of safety in seepage load, this distance will be assumed to be

5000 ft. from relief wells which have 15 ft. screen sections and are

spaced 100 ££. apart.

|50 1 7§ 105 x 100 x 4O
Q= @L X 50.14; 5000 ’[ 58 = 0-0136 cfs

B, The value 50 x IO”h cm/éec. may be low for‘kH. In-

creasing by a factor of safety of ©, the discharge per well will be about

(10) . H. Jervis (1959); TUnderseepapge Studles, Black Bayou Levee';
U. 8. Engineer Office, Vicksburg, Mississippi.
See also "Investigation of Underseepage Lower Mississippi River
Levees"; Techsenical Memorandum No. 184-1; U. S, Waterways Bxperiment
Stetion, Vicksburg, Missippi; October 19,1..
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" 0,08 ofs’ and the total foi 5 wells mn be about o uo ofsl” For Heads

LI,

lower than ful1 pool stage the dlscharge w:.ll 'be pr0por'b10nately less.




CLAREMONT DAM
ANALYSIS OF DESIGN - APPENDIX A

INDEX OF TABLES AND PLATES

TABLE NO. TITLE
Al * Providence Distriet Soill Classification
A2 . Triaxial Tests - Summary of Test Dats - Undisturbed

Verved Silts

PIATE NO.
Al General Plan
A2 Embankment Details No. 1
AZ% Embankment Details No. 2
Aly ~ Subsurface Explorations
A5 Soil Profile on Approximate ¢ of Dam
86 Soil Section = Sta. 1LU+00
AT So0il Profile through Center of Rock Valley
A8 Providence Distriect Soil Classification
AQ - Typical Samples ~ Taken with Shelby Tube Spoon
Al0 Typical Samples -~ Taken with Soiid Trive Spoon
All Typical Boring with Properties of Foundation Silt - BH-51
Al2 Typical Boring with Properties of Foundation Silt - BH-1.
Al3 Void Retio = Compressibility - Consolidation Test ~
Sof't Varved 8ilt ‘
a1l Consolidation = Permeabiiity - Consolidation Test =
Sof't Varved 8ilt
AlS Consolidation ~ Permeability ~ Consolidation Test =
"Saft Varved Silt '
Al16 Void Retio = Compressibility = Consolidation Test -

Soft Varved Siit

- 59 -



INDEX OF PLATES {Continued)

PLATE NO. ' TITLE
Al7 Void Ratio -~ Compressibility -~ Corsolidation Test -

Sof't Varved Silt

A18 . Consolidation ~ Permeability = Consolidation Test =
Soft Varved 3ilt

AlQ Summary of Pre-consolidation Test Data

A20 Computation of Average Horizontal and Veritical
© Permesbility of Soft Varved Silt

A21 Summery of Direct Shear Results - Soft Varved Silt

A22 Triaxial Tests -~ Summary of Mohrts Circles - Un-
disturbed Varved Silts

A2% _ Generalized Section

A2k Stebility Analysis

A25 Contours of Hydrostatic Excess Pressure

A26 Graphical Determination of Consolidation for Non-

uniform Rate of Loading

A27 Bydrostetic Excess Preésure Cur ves

A28 ' Isochrones = Consolidation - Vertical Flow

A29 Isochrones - Consolidation ~ Radial Flow

A30 Smeared Varved Soil Sample |

A3l Effect of Comwbined Drainage on Tgp for Instantaneous
Loading

A32 Drain Well Backfill Gradation Limits

A33 Train Well Theory - Formulae for Consolidation by

Radial Drainage to Train Well - Uniform Vertical
Strain = Well Resistance Considered

A3L Average Stresses in Silt Due to Various Spacing of
Drain Wells .

A35 Draoin Well Theory - Formulae for Consolidation by
Radial Drainage to Drain Wells =~ Smear Effect Con-
sidered

-~ 60 -



PLATE NO.

A36

AT
A38
AZ9
ALO

Al

INDEX 70 PIATES (Continued)

TITLE

Drain Well Theory =~ Formulae for Consolidation by
Radial Dreinage to Drain Well -~ Constant Strain -
3mear and Well Resistance Considered

Effect of Smear and Well Resistance on Consolidation
with Drain Wells

Time vse Excess Pressure for Initial and Revised
Loading Rates

Formula for Seepage Under Dike with Natural Blanket
over Pervious Layer

Range of Grain Sizes of lMaterial in Deeply Buried
Pervious Deposit

Embankment Drainage System - Plan and Details
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WAR DEPARTMENT CORPS OF ENGINEERS, U. S. ARMY

PROVIDENCE DISTRICT SOIL CLASSIFICATION

CLASS DESCRIPTION OF MATERIAL

1 Graded from Gravel to Coarse Sand.— Contains little medium
sand.

2 Coarse to Medium Sand. - Contoins little gravel and fine sand.

3 Graded from Grovel to Medium Sand.— Contains little fine sand.

4 Medium to Fipe Sand.-— Gontains little coarse sand and coarse
silt, :

5 Graded from Gravel to Fine Sand,— Contains littie coarse
silt,

6 Fine Sand to Coarse Silt. — Contains little medium sand and

medium silt.

7 Gradeg from Gravel to Coarse Siit.— GContains little medium silt.
8 Coarse to Medium Silt. — Contoins little fine sand and fine silt.
9 Groded from Gravel to Medium Silt. — Contains little fine silt.
10 Medium tc Fine Silt. — Gontains little coarse sit and .coarse

clay. Possesses behavior characteristics of skt

160G Medium Silt to Codrse Clay.— Contains little coarse silt and
medium clgy. Possesses behavior characteristics of clay.

14 Graded from Gravel or Coorse Sand to Fine Silt,— Contains
little coarse clay.

t2 Fine Silt to Clay.~ Contains |ittle medium silt and fine clay
.- (colloids), _Possesses behavior characteristics of siit.

12C Clay.— Contains little silt. Possesses behavior characteristics of
clay.

I3 Graded from Coarse Sand to Clay.— Contains littie fine clay
{colloids). Possesses behavior characteristics of siit.

i13C G!o!.—-Groded from sand to fine clay (colioids). Possesses
behavior characteristics of clay.

CL A OF D TABLE NO. Al
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y At Il Months b - —
) 100, Bottom without wells 100 2 T Months w
Bottom withou: wells T Midpoint without walls . | , o [
Midg 2int without wells ol s ; 9012 '
e ! § w
'\ ogol / >
& B0 / 2
g / o . £
g ; tegram @ Assumed rate of loading
Diagrom | 0 Diagrom I < Ig b .
wl f = T "\
B % oL s i, - ta J \ “Total Overburden, Point ‘B =60Tsf
2 40 “ = A ]
E Bottom with wells S sp - Bottom without wells.
w 30 Midpaint, with welis o4l 9 —_—
27 e 4 o wel 230 ¢ e £ Midpotnt without wells
S 01 Bottom with wells S 5 SHydrostatip Excess Pressure X
T “r - Midpoint with wells T SF = —Bottom with wells.
L [ - Midpoint  with wells,
IO' 10 ‘& I N B B ! 1 T e I L L TR S TR 1
0; 0 90\2\46 0 12 14 16 1B 20 22 24 26 28 30 3 34 36 3B 40 42 44 46 8 0
SIS | a
[ ! 2 3 0 | 2 3
% LOAD, TSF LOAD, TSF bego | \ N Bottom
Midpoint with welis u= 3 x3.3~ 2.14 Tsf, u-*—z-*&:i— 0.93 Tsf ut A =~ Gonsolidation Curves - Vertlgol Fiow Only= For Instantoneous
P 823 825 &
S66 286 E70L Applicotion of Lond.
Bottom with wells u=-go5 133~ 226 Tsh u=g26*33~ L4 Tsf 2 0
- pét
Midpoint without walls =90 * 3.3 = 3.04 Tsf w522 a3 -2.48T Diogram ¥ 50 |
894 e 73 ~Bottom
Boftom without wells =55 *3.3 ~ 3.3 Tsf umgor 33 3127 a0l e
- N
100 At 18 Months 100 At_30 Months oL B .- Midpoint
Botton: without wetls— - Bottom without weils E >
Midpoint without weltsgg] ™ . Midpoirt without wells 90|
. s N - P e Z) 0L —-=z==Consolidotion Curves~ Gombined Verticol & Horizontal Flow - For
?80 s / " a0l e - = - instantanecus Applicotion of Load.
wr - 7 g s 25 r —
: . ” T ~hmam
2700 Bop ~ r T TS VU S SR TR ST T vl O S R ST VAN T TOR S S S S S
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o
Diogrom L ., 60} Diagrom ¥, 90t . / TIME IN MONTHS=1,
< sof 2 5oL . . . N “w - "
x = Typical computation to determine paint, as'A, in Diagram -
,‘—240- ® . 540_ Point A represents °u, hydrostatic excess pressure per unit area,at bottom of seft silt,
< = E 30 at 18 months, for condition of vertical drainage only. .
i 30 e Bottom with wells Computations will be mode with help of Diagram II, marked At 18 Morths'.
x5 2 1 Bottom with wells & 20 . Midpoint with wells _Abs];:issas lnIDlagmm m repres]er:it dom overburden which varies ot the rate indicoted
F . - Midpoint with wells E < |v in Diagram by curve lobeled “Assumed rate of loading”. Effect of Drain Wells on Consolidation ot Contro) Point ‘B”
- - .
[ ] A 10} . i Let Alyrepresent increment of load added at time in months « tq. 99 1. Right &, Station 14400, Drain Wells Spaced At Vertices
e s T, Bl exgt e« gl e for e moontys = 0t 9,905 el Ty, Deth o Sfp et
(] WU A S T 0 T And in Diagram XL, "u, 7, - ordinate to consolidalion curve for vertical " . Lt
T s s 0T 2z 3 2% s flow only, bottom, of ti’me 218k, Consolidation ond Vertical Consolidation For Depth Considerad.
LOAD, TSF LOAD. TSF This value' of ua% is then plotted as on ordinate in Diagram TL against its
corresponding g value for time tq.
Midpoint with wells u-%iw-lu Tsf u-o—is—o X6 = 0.24 Tsf In Diaqrom ¥ other points located on looding curve, for alldh'mes to 18 months, GLAREMONT DAM.
) : are_evalugted in such a manner by meons of Diagram¥I and plotfed in Diogram 1L NHNA ONS
Bottom with wells u-5“2 X6 =217 Tsf u_.‘lze_le_ 031 Tef Total “u* for point A" is then found "by integrating area under curve and multipiying GRAPHIGAL _DETER TION_OF _GONSOLIDATION
15 15 ) ratio of that area to total orea of Diagram I by applied lood at Paint A" This integea- FOR_NON - UNIFORM RATE OF LOADING
o2 733 tion 1s done by a plonimeter and result plotted in DicgramXZ as Point A, u » 5.38 Tsf.
Midpoint without wells =T~ 16~ 441 Tsf um5 6= 2.93Tsf L 431 TR
) 1345 1013 ! SCALES AS SHOWN
Bottom without wells u=T5 *6+=538Tsf u="p5 *6 = 4.06 Tsf
u= Hydrostatic Excess Pressure, Per Unit Area.
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45T HAETFORD DIKE
BH-267 UCIE
515-53.2

EAST FARTFORD DIKE SLD 405

BH=257, UCl2 - Depth 51l.5 ~ 53.2
Alternate layers of fine silt and fatty clay -
slightly irregulsr in pattern. Distorted by esrly
type soil sampler. '

SMEARED VARVED SOIL SAMPLE

CL. A. of De
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Note:-
oo e PLAN
"
dy - - -
%[ ——imparvious foce
L
-
o
‘)
x —
ky

L &,

Compressible soll
Saturated

R —

W@é&gﬂ

1 * -~tmpervious foca

SECTION A"A THR|U 60IL CYLINDER

ASSUMPTIONS
L. Mo flow in soll in vertical direction.
2. Radial flow in sorl.
3 Outer surfaces of soil cylinder impervious.
4 Stroin ia soil dut to consolidation occaurs only in nmwl direction and is enifsrm
ot ony dapth 2" over antie soil cylinder of onmy tim
& Only verticol Flow otcues in well = minor radial flow ngglecmx
6. Prasence of well does not reliavs sorl of any load during process of consolidation.
7 Unifoem surface fooding - ke

EMDMV. ~CONDITIONS
1 Mo vertical Fiow i soil v ky=
2. Wo redjol flow at ovter .su/fan dybr=0 of r g
8. Excass woter prassurk 1 soil, tyy . 15 8qual t0 8ACESS woler pressur in wall, lyy, Gt 7= /.
4 Rodial Flow-from sof inta well of ony dlplh £ s equol to chonge of seepage up the well:=

2rg 4y 3, O =~ =) ky —g—‘!'—dz

5. Excess water pressure jn well, uy ., /s zere ot &+ 0.

& No verticol Flow in well at depth H, Ouey/dz 0.

7 Bacouvse of ossumption (%) the role of vdid rotio change ot ony depth " i sguol to wte of rhonge
of overage excess woter pressure n soif of ony depth x” multiplisd by oy, coefficient of
compression of the soil:-

de - 24,
I EH
8. At time '=0, the overoge hydrostatic excsss prassures ot ol depths equal the lood~or %7, .

%

BASIC_PARTIAL_DIFFERENTIAL EQUATIONS AND SOLUTIONS
Becouse of ossumption (4] the amount of woter from sail betweer & ond s flowing by surface horing
rodivs r is equol to totol change of void ratio of soil between g and r.

hn Sy, 2G, 2z
T YN R N
f Hydrostotic excess pl&.s:u/.e of any point ,5E, is

A ri¥-q
vu'(-,g%‘ *f?‘("m? 6/"—~—2—'—)'vm-

[Averoge Aydrastat/c ercess pressure in soil ot any depth ‘2" is

7 - / TJ&T/ nf=1

Y Ay S
Set function in brackets equol to F(r)

yd/osta[zc excess pressure in well ol time t=0
20, 02

Meetirg bowndory conditions number 4.5,6 ond8 ord ml/ﬂy yse of epuotions 4,2, ond 3 the
4
2Ay (™9
/ ) whers e

P Hla-t), o8
oW hare Frrm S — ana EAll1Gt

Solution for awraye hydrostatic sxcess pressure ol ony depth"z* and time t'ss
759 7

olution For hydwstotlc excess prassure ot any poink gz, end time’t”
/ e i~ 528 1]

Solution for hydrostatic excess pressure i well gt ooy Gepth z* and time "t js
/ ea i)

/ Overel! average bydrostatic excess pressure in il cplinder is
& i

- solve by approximate mathod - gsing Simpson's rule.
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A
P { ;

4% - !
e M o Impsrvious face
N
K

K N

; 2 &/\j

; oy N

|

! %‘—k, SMEARED ZONE

J NN

%n,-‘w WELL
z Comprassible  sail N

Seturoted

) \6murvlous face

SECTION A-A THRY S50IL CYLINDER

|
i
|
!

ASSUMPTIONS
L No flow in soll in vergicol direction.
2. Radiol Piow i soil.
Siraies in solf dve to cansolidation vccur onfy in virsicol direction.
4 Differeace in stroins which tand to develep sheor stroins have no effect upon rate
of consolidetion.
& Wall pecmeodility vecy high = ky =
& Smear occurs around wall befors /aao’ odded end that ofter smeoting no change in void ratios
occurs in smwarsd rone. Permeability in smeared Zone reduces
Z lottio! hydrostolic excess pressure in water " from loud uniform thri-out soif cplinder of time
& Presence of well does not refieve s0il of any /aad dluring jprocess of consolidation.

EQUNDARY.. CORDITIONS

L Qoter suface s imparvious . L ot r=s. .

2. Mo vertrcal flow .. du/dr -ﬂ a: ‘ol points, "

& Mydvostatic excass prassure, 4., in undisturbed soil between g and 3, ond hydrostatic ercess
PLOSSULY, Uy, N SWMBOFQT roneé between 4 ond hy, ore equol gt re & .

4 Flow from undistyrbad soil across boundery at r=r is egual to tlow inte smeared zone

_,LZ/rq. - ae S 2r

£ To most ossumption rumber § the excess pressure of ony point “r'in smeared zone 18

7y
% “Infm)

BASIC PARTIAL DIFFERENTIAL EQUATIONS AND SOLUTIONS
£ Rote of flow owt of @ amall volume of soil is equol €0 rate o yoiume change.

hy [1 2y, dY, 2nrdrdr du,  2mrdrde
Auf g e G ferrdror - bR g G RO

2. Solution of obaore squations for overage Aydrostotic eacess pressure subject to boundary conditions is
Bifemle” *7x
[ ARTY P (ée 72 dhy Crre)
ol S )Ll;,l;‘l' ﬁrm)»,,&a o) T = —ﬂ———;—d,,a o
@ Where o is ¢ root of
T G mf + Grmm= 0
& Bform = Ll m) ¥ty )i pxm)
Bessel eguotions

o) Boxmy=Jgembrcn - Jxn ) ecm

I Hyorostotic excess pressure ot any point 2754
20, e D Mooy () e
—f;——; -/ 0w m « O mm)]
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Hoe:- Nat,

&

d, 4 _ 1
L2 B B b
" dy 8
e 4y - e
7| o Impervious face
T
!
i L
£

o

v

4

&,

—

H

Comprassible soil
Jaturated

~imparvious focs
SECTION A-A THRlY SOIL CYLINDER
1

|

b L

AJSUMPTIONS
No flow in sail in variicol diraceion.
Radiot tHow in Solt.
Outer surface of soil cylinder imperyious.
Stroimns in soil gue to consolidation occur only in vertical direction. ond ore uniform et orv depth =" over
antire soil cylinder of any time “t* .
Only verticol flow occurs in well * minor rodial flow peglecied.
Smear occurs oroynd well before Jood added, end aftar formation of smear no change in void ratto eccurs in Smeared zone.
Frasence of well does not relieve soif of ony lood during process of censolidelion.

N hn

ITHN!
Outer cylindrical surfoce is impervious, ..
Ho vertical flow .. hy=0
Averoge hydrostotic excass pressure, By, in s0il is agval to vniform loading, u,, ot time t™w 0,
Hydeostatic oxcess pressure, upw, In undistutbsd soil bstwean y ond 7y, ond Aydrostotic excess
PrOSSur, Uy, , in smeared xone between g and s, ore egual of rw 4
& Flow from d soil ocross Soundary ot r=4 it

o
by Lot 2y 4 25 2y

& To meel assumption number 6. Ehe Aydrostotic excess sressure in smeored rone between 5 ond fy it

A~

A -(x;,-u,,,)%,%"z

Z Radial Flow from eny seil into well ot ary depth iz is aquel to change of saspoge up the well
PR L S P Y,

a ;rlrutaha excess pressure In well, uyz,is xero ot "E27#Q.

2 Ho rrtical flow occurs in well of depihe™=H . Vupyy Px -0 ot xe¥,

2 Becouse of assumption number 4 the rote of void ratle change ot any depth’x“is agual to rote of changa of overage hydrostotic
cxcass prassure in soil ot that depth,multiplhed by o, coefficient of compressibility of the soil, dg/dt- a au,/ot.

EA}LG_(@?_JAL_DIE_EBL&P 7, i3 TIAL EQUATIONS AND SOLUTIONS
L Becovse of assumption (4) Lhe omount of water from soil Between mand r flowing 8y surfoce hoving radius r is

epuol fo total chonge of void rativ of soil beiween 1 ond r.
by o . 9 o
A G et (et n e - PG
2. Mydrostotic excess pressure of any point sx betwer ro ond i s
~39% ¢ s it A
@ wpgE] st b G R Y i e
R Averope hpfrostotic ercess pressure at any depth”z", bstwern n ond § B

- ! 2 -/ £t
o (3% * m_—,—m—)—"-/-,;i,,: wfes)-25L l(‘ - /ﬂ(i‘lﬁ, = Set tem in brachets equol to Feu

4 Messing boundary condition member 7, ond making use of squations 1/, 2. ond 3 the hydrostatic excess pressure In well at time"t*=0 is

N -h) OB £ P
oam &) ] whern 8 Y o

& Solution for avarage hydrostatic excess pressure atony depth“z" ond time"t® Js
B Sy (7 et
4~ we ond —,f‘#—
& Solution for Rydrostatic excess pressure ot ony poind“ra” between Gaond r, ot time"
, [fe) [ - r*gt, K (pi-m? -
viem 5 f B L 5 i () o mif e 1 fmy

2 Solution for hydrostotic excess pressure i well at any depth 'a” at time 7 is
- fta)

8 Oraroll grarage hydrostotic ercass pressure in soif cylinder is
Y ol

T-frf guds - Solve by approxinots method-using Simpson's Rule.

2 for case of smear ond po well resistance the cbove og i hold with fa)-~1.

33
R For cose of no smeor ond well resistonce the above squations hold with Fpn) = Fl1) (Sex Plote Na ASS)

- AIN_WELL THEORY
RMUI [d T

IN 1 SHEETS SHEET WNO. [

IR
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River

Fiver ot fiood =

Dike

_ _.-_4___-_
N

4 1 Pizzometery |

Imperridus
Diaphram

N
Pervious
i ad Agsumed

A\

Fressure heod i perwous loger

bet - £,

Ly

9z = 9y e
hA L [h~§f-dz_)s}- hata gy [ g e p)cle

ks 5;1‘ x Aade = +k MA,-M dx - Egualion Nof

TYPICAL EXAMPLE OF FLOTATION SAFETY FACTOR GOMPUTATION

Flood ploin silt blanket et Jondside foe of dite -~
8ft thick!
Assume  Tailwoter af londside ground surfoce, then
for design flood rhe rtotal head (s I0FE  of worer
Average dry weight of silf - 85%/fed  For pgerrTE
9mwrg oF 270 #he buoyanf weight of silt 1s SIR/fr3
sume axcess hea pervious  strota undl' silF
blanketr at londiide roe af ke rs lo«t 2 Fh

nward Forces, 53 x8 . 224 L
Flotation Fi5 - Dolmmord forces. H3r8 ot - S 0

-Darcy’s Low

9z = 9 * 99,
A—ZAZ&[;“%Q.g]. l-,A,f;[h-g;/’z.

fr b Ardx hih

Tyl XAMPLE
STRATA_AY
L, - 200’
&, +b~280"
Ly~ t000"
A, - w'

,f/ a a 5'/0" em/see.
¥o ~ 880 %10 cmysee,

- w fBE X TB - -3
oY, Y B T ¥ ey T AN

cL, ~a5% x10™ x 200 = o708
CX =ClLt+b)=3. 5427072 x 280 = 039/
C(2ly =l ) e 595100 x /800 = 0. 63,
crgL‘—x) . of2d, =L, -4)-.:54:10":/’10-06/0

oSl £2708

- 203

. g 2P0 200
-4

TR T

ed!l.,-!)_ PR

Fanh. (€L} = tonk. 0.TO8 =~ Q.6004.

£ -
- ek o) T e oLy

TR - Sl [240 4 184 -

- feon

.- Equation No.2

7
20X/~ 603+ 18077+ .809%) ™ F&F

Siad

Jayr =

a9

ASSUMPTIONS
L Flow in pervious loyer i3 harizantol.
2 Flow in flood plain silF blonket /s :

Q) Kerficolly down odx (l,
&) rerticolty wp L4,<x<

A No Flow Hhorirontally in ptrw‘aus loyer at L.
£, Toilwater i3 at londside ground surfoce.
Ll RVI! LAYER

a¢x 3 .
he (20} sinh rgﬁ') P Eguotin M3

L, (X (Lta .
B N ———

CONSYANTS FOR ABOVE EQUATIONS
e 157,
a- N[et, (2023~ u.,y
{[/ Tanh(cL e o fistan b rcz,)_](fclrcu] 2emh(el,)

@ -

[i-tan, rcL, AN % /i m vont (L, )] feelzed)

[} PARTIAL 4 ! A S

7+ any point O<X <
Fote of .ncpaqr increase in pesvious foyer = Inflow Fro;
riverside Fop bk

'y g‘i[" x Ardlx o vk LN hl o e Eyuchon Ho.l.

* ony pornt L, <x<ly
Rote of seepage dacrease in pervious tayer « Ourflow through

Jandside fop lager:
Ll - L L e Equctiv Koz, 4

£10 for Fartial Diffy FeglEquations,

Ar z.z, :.,‘/ b 2
Xl , Aoy equationbol) - y equolion #o.
PRV . . ) aghfu

2 g i
Xidy, 26 L0
v,

So/ution of above two portizf differcntiol
=quaﬂoas grva egualrions Nos 3 ond &, subject
#3 above boundory’ conditions.

EEPAGE _EQUATI

'S _/r._q..ﬁ"“‘f‘“’ - e < Siepege throush landside
ca, Sanker per uoit fength or

ke, pai unit of 7

FORMULA FOR SEEPAGE UNDER “DIXE
WTH

NATURAL BLANKET OVER FERVIOUS LAYER
I} SHEET SHEET WO}
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